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SOMEMCIATUUE 


SYMBOL 

UNITS 

DESCRIPTION 

Snar.  FORTRAN 

a ACC 

KTAS/SEC 

Calculated  level- flight  acceleration. 

ACCI 

KTAS/SEC 

Acceleration.  An  input. 

area  Ai  ISA 

i*.  -ST.  Ml. 

Area  enclosed  by  contour  1 cuaulative  vs 

ATMOC 

An  atmosphere  subprogram.  Entry  is 

with  a pressure  altitude;  KP,  HTP,  or 
Kr.ve.  Returns  include  the  parameters 


m\  THAT,  DELTA,  SRSIG,  and  Cfi. 


C 

c 

METERS/SEC 

Speed  of  sound. 

C%AC 

CBFAC 

NON-DIM. 

Thrust  cutback  factor.  A decimal 
between  0.  and  1.0.  An  input. 

c. 

"a 

CLALF 

** 

An  input  array  of  CL  as  a function  of 
&rv?:le  of  attack  ( a } for  various  flap 
settings. 

Cd 

CD 

NON-DIM. 

Drag  coefficient. 

c%xk 

CDTRIM 

NON-DIM. 

Engine-out  trim  drag  coefficient. 

e« 

CK 

KEAS 

Speed  of  sound. 

cl 

CL 

NON-DIM. 

Lift  Coefficient. 

- 

CICD 

- 

An  input  array  of  CD  uar  a function  of 
CL  for  various  flap  settings. 

Ckaf 

cuer 

KM-OIK.. 

Lift-off  lift  coefficient. 

CLres 

cuae 

NON-DIM. 

A root-near, -square  value  of  lift 
eoeeficitmt.  A return  froes  subprogram 
tm. 

% 

CLS 

-■ 

An  Input  array  of  stall  lift  coefficient 
as  a function  of  flap  setting. 

<=8 

cs 

SOS-MM. 

Engine-ffit  cocsent  coefficient. 

d 

0/  Ft. 

£$£«?? 1) 

Flyover  distance  *o  which  spectra  is 
to  «-e  attenuated. 

** 

di 

SHAG 

Li. 

Drag. 

DC 

pm. 

Duration  correction. 

3o 

DO 

FT. 

Distance  for  Input  data. 

Li. 

ta£i*sc-SMt  viad^l  fling  drag. 

mk 

£>jA 

Svtre  grownd  attenuation. 

E55?- 

spst 

NOJi-DIK. 

Engine  pressure  ratio.  An  Imp**  %rmy. 

SffiL 

sna 

3TS54S 

Effective  perceived  nrCse  level. 

n 

FT 

fCON-SiM. 

Correction  factors  iur  -22C  engines . 

vail 


mmm 
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NOMENCLATURE 

SYMBOL 

UNITS 

DESCRIPTION 

Sngr. 

» 

FORTRAN 

FLAPV 

DEG. 

Flap  deflection  that  reflects  flap 
retraction. 

FLAP 

FLAP 

DEG. 

Flap  selection  for  takeoff.  An  input. 

PLATE 

FIATR 

DEG.  C 

Engine  flat  ratine.  A delta  temperature 
above  standard.  An  input. 

FN 

FN 

LB. 

Engine  thrust,  (per  engine) 

p%> 

FNEO 

LB. 

Thrust  required  for  level  flight  vith  s 
ving  engine  out. 

p%b 

FN 

LB. 

Thrust  required  for  approach  from  a 
Weight-Thrust  table. 

grad 

GRAB 

NON-DIM. 

Climb  gradient  after  gear  up. 

H 

H 

FT. 

Geometric  height  above  ground. 

H 

Have 

FT. 

Average  pressure  altitude. 

I£P 

hp/h 

FT. 

Pressure  altitude  (airport).  An  input. 

htcb 

C3HT 

FT. 

Engine  cutback  altitude.  An  input.  A 
pressure  altitude. 

htg 

HTG 

FT. 

Geometric  heignt  or  altitude  (above  sea 
level). 

™gu 

GUiiT 

FT. 

Height  or  altitude  above  sea  level  for 
gear  up. 

jiTuu 

GUHTO 

FT. 

Height  above  35  feet  for  gear  up.  A 
third  degree  curve  fit  of  flight  test 
data.  A function  of  flight  path  angle 
at  liftoff  (vlof). 

“p 

MTP 

FT. 

Pressure  Height  or  altitude  (above  sea 
level). 

i 

I 

30S-DIM. 

1/3  octave  band  number.  1«1  is  $0  Ms 
band. 

lEFSi 

1EPR 

SOH-DZM. 

Engine  pressure  ratio.  Interpolated  for 
in  an  EPS?  table  as  a function  of  PJi/5 
and  Mach  number. 

KS 

EX 

KGS-DSM, 

An  input  array  of  correction  factors 
to  allow  for  a natch  of  flight  test 
noise  profiles  with  the  aatheoa&leal 
simulation. 

L 

- 

ta. 

Lift. 

h 

L 

dB  A. 

A - sound  level. 

ix 
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SYMBOL 

UNITS 

DESCRIPTION 

Engr. 

FORT  HAN 

L 

dB* 

Average  normalized  l/3  octave  rand  SPL. 

Lc 

LC 

dn 

Level  on  centerline. 

U 

L 

dB* 

l/3  octave  band  sound  pressure  level. 

la  * 

IS 

dS 

Level  on  sideline. 

Ll 

ILL 

dB 

Level  with  Extra  Ground  Attenuation 

ie 

ILL 

dB 

Level  without  Extra  Ground  Attenuation. 

^200,i 

L 

dB* 

1/3  octave  band  SPL  st  200  ft  and 
reference  conditions. 

M 

MACH 

NON-DIM. 

Mach  number. 

S 

MAVS 

K0K-DE4. 

Average  Mach  number.  Ratio  of  Vavc  to 
Ce. 

V 

MLOP 

NON-DIM. 

Mich  number  at  liftoff. 

Miofi 

KL0F1 

NON-DIM. 

Mach  number  at  liftoff. 

/*f«out 

Ng/MENCO/ 

KENGIN  NON-DIM. 

Number  of  engines. 

wx 
\ ^ 

Kill 

PERCENT 

Normalised  fan  speed.  (100$  is  3900  RPK) 

CAS  PL 

OASPL 

da* 

Overall  sound  pressure  level. 

CBS  El 

d§* 

Octave  band  sound  pressure  level. 

03 

03 

MON-DIM. 

Multiplier.  Overspeed  factor. 

1.05  Is  Si  overspeed,  for  example. 

P 

mss 

INOffSS  % 

Ambient  pressure. 

? 

Pascal 4 

Aebient  pressure. 

J9L 

m. 

mh 

Perceived  jKlrs  level. 

«S1 

Q 

t & ■** 

Djfnamie  pressure. 

QK?m 

A tri variate  Interpslatiar.  subprogram. 
Tntr-j  *a  wi*a  a pressure  altitude, 

Mach  nyr-icr . temperature  In erement. 
TC^JST  array.  Ah  interpolated  value  of 
tfcrusi  ( ?1i)  la  the  return. 

S 

ft 

Ff. 

Slant  41 stance  to  *he  flight  pain. 

SAT 

mt 

NSIs-DOS. 

Minimum  computed  tim**t  cutback  factor. 

£, 

■% 

w 

distance  Uj  flight-  path  with  the 

velocity  correct ion. 

•V  earth  r»4J*«.  *s  ®r 

£«,S&fe  i*  . 

fence*  §.:rM£  sJ troi-ar 
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NOMENCLATURE 


SYMBOL  UNITS 


DESCRIPTION 


Engr. 

FORTRAN 

Relative 

Humidity 

RLTHUM 

PERCENT 

Relative  humidity. 

RMS 

RMS 

A subprogram  which  calculates  the  root- 
mean-square  value  of  an  initial  and  final 
velocity.  The  rms  velocity  is  used  to 
calculate  an  associated  rms  value  of  lift 
coefficient,  CLros,  which  is  a return  from 
the  subprogram. 

H/C  or  R/D 

ROC 

FT. /SEC. 

Rate-of-climb  or  rate-of-deseent.  Tepeline 

R1 

R1 

FT. 

Diatance  to  flight  path  for  a given 
level  without  EGA. 

«2 

B2 

FT. 

Diatance  to  flight  path  for  a given 
level  with  EGA. 

S 

S 

FT2 

Wing  area.  (3^56  FT2).  An  input. 

Sa 

SA 

FT. 

Downrange  distance  during  ground 
acceleration  from  brake  release  to 
rotation. 

sc 

SC 

FT. 

Downrange  distance  during  climb  froa 
liftoff  to  35  feet. 

Selab 

SCLM3 

FT. 

Incremental  down range  distance  during 
gear  up  climb. 

3OU 

TSGU 

FT. 

Down  range  distance  for  the  climb 
segment  from  35  ft.  to  gear  up. 

3to? 

TDI3T 

FT. 

Total  down  range  distance. 

sr 

SR 

FT. 

Downrange  distance  during  ground 
acceleration  from  rotation  to  liftoff. 

t 

TT&S* 

Das.  y 

Ambient  temperature. 

? 

m-  - 

DsO.  K/LS. 

Temperature  or  thrust. 

^asb 

TAX®. 

D2S.  f 

Ambient  temperature  at  altitude. 

T . 

%zt>t 

TAXi?I 

DSS,  F 

Ambient  airport  temperature.  An  tnjMt. 

TcIjUj 

TCLX2 

sac. 

Time  to  climb  free  liftoff.  A third 

degree  curve  fit  of  flight  test  data. 
A faction  of  flight  path  angle  at 
liftoff  (>ioly. 
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NOMENCLATURE 


SYMBOL 

UNITS 

DESCRIPTION 

JaaLr. 

FORTRAN 

TClmb 

tclmbv 

3fc£. 

Time  increment  for  climb  after  gear  up. 

« 

A fixed  value  for  all  climbs  excepi  *hr»>e 
cutiecR.  wherein  a value  is  raieula  ■&. 

?EX 

TEX 

L3. 

Excess  thrust. 

TPAC 

TPAC 

RON-DIM. 

Thrust  multiplier.  An  input. 

f** 

\-3T0 

TSTD 

DEG.  K 

Standard  temperature. 

TPNL 

TPfiL 

PRdB 

Tone  corrected  perceived  noise  level. 

7RAT 

THAT 

NON-DEL 

Temperature  ratio,  TAMB/TSTD.  Return 
from  ATMOS. 

THRUST 

LB. 

Engine  thrust.  An  input  array  of 
engine  thrust  as  a function  of  altitude 
and  Mach  number. 

m2 

A bivariate  interpolation  subprogram. 
Entry  is  with  a bivariate  array  f 51ft; 
C1CD-  UAL?)  and  two  independent 
variables  (7N/DEITA,  ,%ch  number;  CL, 

flap  setting).  An  interpolated  value  of 
a dependent  variable  .*  i£!PK,  CD,  ALPHA} 

is  the  return. 

TskOF 

SON-MH. 

Thrust  to  weight  ravio  at  liftoff. 

V 

VAVS 

ms 

Average  velocity. 

Ye 

_ *-iu» 

ms 

Equivalent  airspeed. 

V!KIT 

Initial  velocity. 

Vfc>f 

VLffiP 

LS&J. 

tiftaff  spsed- 

v*Xor 

WlGT 

SSAF 

Liftoff  speed . 

Y„_ 

V* 

ms 

Velocity  at  rotation. 

ri 

vs 

KjgiAS 

■Stall  speed. 

V. 

V 

rtm 

Velocity  f*r  itipnat  data  of  approach. 

¥p 

%TM 

7?*s*  nlfstecd. 

Vp(2) 

¥?(?) 

ms 

AlnijtMd  at  feet  after  engine  failure. 

'«y:2)*io 

ms 

Cli-Vis  airspeed  after  rear  >$s. 

VL  ter 

V2Tt2i 

KTAis 

V?  speed  jj-.ts  lo  STAS. 

V-4  3) 

V3 

STAS 

Tkmee  e&£it*  *,rte  *;  -speed  at  th»  fwrt 

point. 
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NOMENCLATURE 


SYMBOL 

UNITS 

DESCRIPTION 

Engr. 

FORTRAN 

Vw 

VW 

KTAS 

Adjusted  wind  velocity. 

V 

vi  ■ 

VWI 

KTAS 

Wind  velocity.  Input. 
- = tail  wind. 

+ *»  head  wind. 

w 

w 

LB. 

Airplane  takeoff  weight.  An  input. 

Wai 

dB. 

A-weighting. 

W/WC0RR 

W/WCORR 

LB. 

Uncorrected  (w)  or  energy  corrected 
weight  (WCORR). 

X 

x/xx 

FT. 

X distance  along  flight  path 
projected  to  the  ground. 

X' 

XPJ 

FT. 

X intercept  of  noise  level  on  the 
ground  on  the  extended  runway  centerline 

X" 

XPPJ 

FT. 

X intercept  of  noise  level  on  the  ground 
on  the  sideline. 

Zp 

ZP 

KM. 

Pressure  altitude. 

0! 

ALPHA 

DEG. 

Angle  of  attack. 

«i 

ALPHA 

dB/ 1000 
FT. 

l/3  octave  band  absorption  coefficient 
for  the  input  conditions.  Calculated 
by  ARP  866. 

«Oi 

ALPHAO 

dB/ 1000 
FT. 

l/3  octave  band  absorption  coefficient 
for  the  FAR  day  conditions. 

ALPIIAR 

dB/1000 

FT. 

l/3  octave  band  absorption  coefficients 
for  the  reference  day  conditions. 

0 

“* 

DEG. 

Angle  of  elevation  to  aircraft  along 
cone  of  max.  radiation. 

Ylof 

GAMLOF 

DEG. 

Flight  path  angle  at  liftoff. 

6 

DELTA 

NON-DIM. 

Ambient  to  sea  level  pressure  ratio, 
Pamb/PQ. 

Afn  , 

DVCORR 

L3. 

Incremental  thrust  due  to 
incremental  approach  speed. 

B*VW 

LB. 

Incremental  thrust  due  to  wind. 

Ah 

DELH 

FT. 

Altitude  or  height  increment.  Set  at  ai 
initial  value  of  63  ft.  in  the  climb  fr< 
35  ft.  to  gear  up  climb  segment. 
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SYMBOL 


NOMENCLA.TURE 


UNITS 


DESCRIPTION 


Engr. 

FORTRAN 

Ah  * 

DEEHV 

FT. 

An  altitude  increment  for 
gear  up  climb. 

Ahtgu 

HTGU 

FT. 

Calculated  delta  height  from  35  feet  to 
gear  up.  This  accounts  for  an  increase 
in  true  airspeed  in  this  segment. 

A(Nly4/e) 

DNA 

DNE 

PERCENT 

Increment  to  N-./s/9. 
subscripts 

alt  - due  to  aircraft  pressure  ait. 
EPR  - due  to  engine  pressure  ratio. 

AT 

DT 

DEG.  C 

Temperature  increment.  Difference 
between  current  and  standard-day 
temperature  at  altitude.  A return  from 
ATMOS. 

At 

DTIME 

SEC. 

Incremental  time  to  climb. 

Av 

DELV 

KTAS 

Incremental  approach  speed  above  1-3  Vg. 

9 

PITCH 

DEG. 

Vehicle  pitch  angle  with  respect  to  the 
ground. 

9 

THETA 

DEG. 

Assumed  angle  of  radiation  measured  from 
inlet . 

Mr 

MUR 

NON-DIM. 

Coefficient  of  rolling  friction.  Set  at 
0.015. 

P 

RHO 

kg/m3 

Atmospheric  density. 

pc 

RHOC 

MKS  rayles 

Characteristic  impedence. 

So 

SRSIG 

NON-DIM. 

The  square  root  of  density  ratio.  A 
return  from  subprogram  ATMOS.  Establishes 
an  equivalence  between  true  airspeed  and 
equivalent  airspeed. 

0 

SLOPE 

RADIANS 
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-Down,  + Up.  An  input. 
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Rotation 

LOF  or  lof 

Liftoff 

35 

35  foot  point 

ou 

Gear  up 
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SECTION  1 
INTRODUCTION 

The  need  to  provide  adequate  air  transportation  service  results  in  the  growth 
of  aircraft  size  and  of  air  traffic.  This  growth  tends  to  aggravate  the  noise 
intrusion  into  the  communities  in  the  vicinity  of  airports  unless  an  effort  is 
made  to  halt  or  modify  the  growth  of  noise.  As  part  of  this  effort,  the 
Federal  Aviation  Administration  has  established  the  aircraft  noise  limits  of 
FAR  Part  36  (Reference  l),  and  the  demonstrated  noise  levels,  at  FAR  Part  36 
conditions,  of  new  airplane  types  are  included  in  the  airplane  flight  manual. 

For  more  detailed  descriptions  of  airplane  noise  over  a range  of  operating 
conditions  and  procedures  and  for  general  analyses  of  the  totality  of  noise 
exposure  due  to  all  airplane  operations  at  a given  airport,  extensive  infor- 
mation cn  the  acoustical  and  performance  characteristics  of  airplanes  is 
required . 

The  study  of  commercial  aircraft  noise  definition  reported  here  has  involved 
the  organization  of  the  calculation  procedures  for  developing  the  data  needed 
to  describe  in  detail  the  airplane  noise  patterns  during  takeoff  and  approach 
operations  in  the  vicinity  of  an  airport.  The  calculations  have  been  programmed 
for  batch  operations  on  a large  digital  computer  and  the  program  has  been 
exercised  to  produce  performance  and  noise  data  for  the  Lockheed  L-1011-1 
Tristar,  and  to  compute  and  plot  constant  noise  contours,  "noise  footprints," 
for  a sampling  of  airplane  operations.  The  output  data  have  been  presented 
in  the  form  of  graphs  and  nomographs  which  may  be  used  for  L-1011  noise  analyses, 
where  the  detail  and  precision  c?  a computer  run  is  not  needed.  The  computer 
program  can  be  adapted  to  determine  flyover  noise  characteristics  of  any  air- 
plane when  appropriate  noise,  power-plant,  and  aerodynamic  noise  data  are 
available . 

The  aircraft  noise  definition  procedure  is  divided  into  several  calculation 
routines : 

o Noise  Propagation  - Measured  or  predicted  far-field  noise  spectra 
are  normalized  to  a reference  distance  on  a FAR  Pc;rt  36  reference 
day  of  sea  level,  77°  F,  70 % relative  humidity.  By  applying 
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proper  attenuation  and  correction  factors  to  the  normalized  spectra, 

noise  spectra  at  other  distances,  airport  elevations  and  atmospheric 

conditions  are  determined.  From  the  spectra  at  each  set  of  distances 

and  conditions,  calculations  produce  the  overall  sound  pressure  levels, 

A-weighted  noise  levels,  perceived  noise  levels,  and  effective  per- 
* 

ceived  noise  levels. 

o Airplane  Performance  - FAA  approved  L-1011  aerodyanmic  data,  speed 
relationships,  and  engine  thrust  characteristics  are  used  in  con- 
junction with  performance  equations  to  generate  takeoff  and  approach 
flight  path  information.  The  primary  takeoff  flight  path  involves 
a three -e:  0ine  takeoff  and  a climbout  at  constant  equivalent  air- 
speed; the  two  takeoff  options  provide  for  a thrust  redaction  or 
an  acceleration  after  gear -up.  The  approach  flight  path  may  be 
a?  ong  any  constant  glide  slope  between  3°  and  6°  at  constant  cali- 
brated airspeed,  with  a two  segment  option  allowed. 

o Noise  Footprints  - Acoustical  data  in  the  form  of  noise  versus 
distance  and  flight  path  information  from  the  performance  calcula- 
tion above,  or  from  some  other  source,  are  utilized  to  calculate 
noise  under  the  flight  path,  noise  along  a sideline  parallel  to 
flight  path  projection  on  the  ground,  and  the  coordinates  of  points 
of  any  specified  noise  level.  Points  of  equal  noise  level  deter- 
mine constant  noise  contour  footprints  which  may  be  plotted  by 
hand  or  by  means  of  a machine  plotting  routine. 

L -1011-1  data  computed  by  the  above  procedures  are  included  in  Volum  IX 
of  this  report.  The  computation  utilizes  the  results  of  the  acoustical  and 
performance  measurements  conducted,  during  the  airplane  flight  test  program 
and  the  FAA  certification  demonstrations.  These  reported  data  are  for  opera- 
tions at  elevations  between  sea  level  ard  oQOO  feet  and  at  ambient  temperatures 
between  30°  F and  100°  F.  The  noise  propagation  data  are  in  the  form  of  noise 
versus  distance  curves  for  effective  perceived  noise  level  and  A-nolse  level. 
The  performance  section  includes  takeoff  and  approach  nomographs  which  may  be 
used  to  obtain  approximate  noise  levels  under  the  flight  path  for  a range  of 
temperatures,  airport  elevations  and  operational  parameters.  No  takeoff  thrust 
cutback  data  are  shown,  but,  us  noted  above,  the  computer  program  does  include 


IIM^mii.^^-. ..' 


a cutback  capability.  A number  of  footprint  plots  illustrate  the  effect  of 
operational  parameters  on  areas  exposed  to  noise. 

Volume  III,  "Model  User’s  Manual,*'  presents  the  logic  behind  the  noise  and 
performance  calculation  routines  and  outlines  the  computation  procedures. 
Volumes  IV  end  V,  "Program  Design  Specification*'  and  "Computer  Programmer’s 
Manual"  respectively,  document  the  computer  program  developed  to  perform  the 
noise  definition  calculations. 
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SECTION  2 

TAKEOFF  AND  APPROACH  NOISE 

The  noise  heard  on  the  ground  during  takeoff  or  approach  operations  of  an 
airplane  is  a function  of  the  airplane  performance  and  of  the  noise  generated 
at  the  airplane.  The  airplane  performance  determines  the  engine  thrust  re- 
quired for  the  operation  and  the  propagation  distance  of  the  sound.  Although 
there  is  indication  that  aerodynamic  noise  generated  by  the  airframe  motion 
through  the  air  contributes  to  the  total  noise  at  low- thrust  approach  opera- 
tions of  the  new  relatively  quiet  wide-bodied  jet  transports  (Reference  2), 
the  power  plant's  acoustic  output  is  generally  the  major  source  of  airplane 
flyover  noise. 

For  the  airplane  noise  definition  study  of  this  report  the  physical  noise 
characteristics  are  described,  as  is  common,  in  terms  of  one -third  octave- 
band  sound  pressure  levels  in  decibels  (dB)  re  0.0002  inicrobar.  Subjective 
noise  characteristics  are  reported  as  effective  perceived  noise  level  (EPNL) 
In  EPNdB  and  A-noise  level  (i^)  in  dBA.  EPNL  is  the  prescribed  noise  measure 
for  the  transport  aircraft  noise  certification  of  FAR  Part  36  (Reference  l), 
while  is  the  common  measure  for  industrial  and  highway  noise  description 
and  regulation  and  is  often  used  for  airport  noise  monitoring.  Noise  calcula- 
tions are  performed  with  sound  pressure  level  spectra,  and  then  the  associated 
subjective  levels  are  determined.  Effective  perceived  noise  level  is  deter- 
mined by  the  procedures  of  FAR  Part  36  and  A-noise  level  is  determined  by  the 
spectrum  weighting  of  IEC  179  (Reference  3).  To  ensure  far  field  conditions, 
airplane  noise  is  considered  only  at  distances  of  200  feet  and  greater. 
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2.1  AIRPIANE  NOISE  CHARACTERISTICS 

Aircraft  noise  analysis  requires  information  on  noise  at  various  engine 
operational  thrust  settings  and  at  various  distances  from  the  aircraft.  Noise 
versus  distance  data  are  designated  here  as  noise  propagation  characteristics. 
Since,  noise  information,  either  predicted  or  measured,  is  usually  available, 
initially,  for  very  limited  conditions  and  distances,  the  calculation  pro- 
cedure developed,  and  programmed  for  a digital  computer,  first  normalizes 
the  available  spectral  noise  information  to  reference  conditions  and  a refer- 
ence distance.  The  normalized  data  are  called  the  airplane  noise  signature 
and  are  the  starting  point  for  the  propagation  calculations. 


2.1.1  Noise  Signatures 


An  aircraft  noise  signature  is  defined  here  as  the  one-third  octave-band 
spectrum  for  the  maximum  noise  at  any  engine  power  setting  at  a distance  of 
200  foot  linear  (the  maximum  noise  anywhere  on  a line  200  feet  from  the  air- 


craft) for  the  FAR  Part  36  reference  conditions  of  sea  level,  ambient  temper- 
ature of  77°  F , and  relative  humidity  of  70  percent.  Spectral  noise  data  at 
other  distances  and  other  conditions  are  normalized  to  noise  signatures.  The 
normalization  to  200  feet  includes  the  effects  of  spherical  spreading  (in- 
verse square  law),  extra  air  attenuation  (References  U and.  5),  characteristic 
impedance  (Reference  6),  and  any  change  in  number  of  engines  between  the  input 
and  the  normalised  data.  The  extra  air  attenuation  correction  from  the 
temperature  and  humidity  for  the  input  date  to  the  reference  day  conditions 
is  performed  as  in  Appendix  A of  FAR  Part  36,  neglect ing  elevation  effects 
(Reference  7).  If  radial  distance  fro*  the  airplane  is  given,  then  linear 
distance  for  the  atmospheric  attenuation  correction  is  obtained  by  multiplying 
the  radial  distance  by  the  sine  of  the  noise  radiation  angel  with  respect  to 

the  flight  path.  The  characteristic  impedance  (pc)  adjustment,  in  dg.  is  10 
hl2 

log  where  bio  KKS  ray  Is  is  the  characteristic  impedance  of  air  ti  7T9  g 
at  level  an*  pc  is  the  characteristic  impedance  for  the  input  noise  data 


conditions.  This  correction  is  s;»ali  for  the  usual  temperature  range  at  a 
giver*  elevation,  out  scr&ewhat  larger  for  the  r urge  of  elevations  considered. 
The  complete  calculation  for  a on*.' -third  octave-bajid  sound  pressure  level,  t ? , 


♦ 
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is  represented  by: 


L.  (normalized)  =»  I.  (input)  dB 
1 x D 

+ 20  log10  2^) 


+ «i  (Dq  - 200)/v-T0  sin  6 

+ (200/1000  sin  0)  ( o . -o  ) 

.1  <fa 

+ 10  log  ^2, 

"*10  pc 

+ 10  lQ®10  <***/*d 


(2.1-1) 

inverse  square 

extra  air  attenuation 

impedance 
number  of  engines 


When  more  than  one  spectrum  is  available  for  any  given  engine  setting,  then 
the  normalized  spectra  are  averaged  by 

10  (Li»k^10^  dB  (2.1*2) 


\ (ave) 


10  iogio  i I , 

Sx  = 1 


where  i is  the  band  number,  k the  spectrum  number,  and  n is  the  total  number 
of  spectra  to  be  averaged. 

Duration  corrections  for  effective  perceived  noise  level  computation  (SPftL  - 

PNLT  ) are  normalized  to  KjQ  knots  true  airsneed  on  the  basis  of  ten  times 
max 

the  logarithm  of  the  velocity  ratios  and  are  normalized  to  200  foot  linear  on 
the  basis  of  ten  times  the  logarithm  of  the  distance  ratios.  C echini  Eg  the 
two  normalization  terms  gives  the  expression 

10  log10  1.25  | dB  (2.1-3) 

o 

If  a number  of  duration  correction  values  resu^t^froe  the  input  data,  then  the 
normalized  values  are  av-^aged  arithmetically. 

Prom  the  normalized  spectr*,  calculations  may  be  cede  o**  any  type  of  weighted 
level  desired.  Ifce  computer  program  developed  under  the  noise  definition 
study  determines  overall  ani  octave -band  sound  pressure  levels  in  dB  re  0.0 
microbes*;  perceived  noise  level  and  tone -corrected  perceived  noise  level  in 

effective  perceived  noise  level,  In  BHfdB,  using  the  normalised  duration 
corrections;  and  A weighted  noise  levels  in  d£A,  which  will  be  referred  to 
subsequently  as  A-noise  levels. 

If  normalised  levels  at  a sufficient  number  of  striae  thrust  settings  are 
available,  then  noise  versus  thrust  setting  curves  or  relationships  cay  be 
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date  rained,  as  illustrated  in  .Figure  2.1  -1.  However,  no  curve  fitting  procedure 
to  do  this  has  been  included  in. the  computer  program.  The  norm  11  zed  spectra 
and  tios  durations  are  projected  to  other  distances  to  generate  the  noise 
versus  distance  propagation  characteristics. 

2.1.2  Noise  Propagation 

Noise  calculations  may  be  cade  for  noise  propagation  iron  the  airplane  to  the 
ground,  assuming  only  air  absorption,  and  for  noise  propagation  along  the 
ground,  introducing  extra  ground  attenuation.  The  latter  is  needed  to  deter- 
mine the  noise  large  distances  to  the  side  of  the  airplane's  flight  path. 

2. 1.2.1  Air  to  Ground  Propagation 


13ie  normalised  one -third  octave-band  sound  pressure  levels  are  adjusted  to 
other  distances,  and  to  other  atmospheric  conditions  and  elevations,  in  the 
same  manner  that  input  noise  data  were  normalised,  above.  The  propagated 
sound  pressure  level,  L^,  is  calculated  by 

a 1^  (ooimlised)  13  (2.1-**) 

-20  iogia  inverse  square 


-or  {i-10C)  AOOO  sin  0 

ri 

♦(200/ldjD  sin  9 ) (cr 


extra  air  attenuation 


impedance 


At  cadi  distance  for  which  a spectrum  is  neterclfied,  the  spectral  values  are 
used  to  caleulatv  the  overall  octave -hand  sour!  pressure  levels,  aaxigbss 

perceived  noise  level,  effective  perceived  nsise  level,  and  A-roi«*  level. 
To  got  the  duration  carrectien  tor  effective  perceived  noise  level,  the  ner- 
«il»4  duration  correction  is  adjusted  to  the  appropriate  distance  and 
velocity  as  in  2.1.1  above  or.  the  basis  e*f  ten  tlaes  the  logarithm  of  the 
distance  ratio  and  of  the  velocity  ratio. 

&3ise  versus  distance  propagations  curves  my  be  plotted  for  a % osjs  <?f  the 
levels  calculated.  4a  example  of  S^L  versos  iisianec  propagation  -curves  at 
a number  of  corrected  faun  speeds  for  the  L-iQli-i  with  tiiree  SS.2I1-22® 
engines  is  shown  as  Figure  2!-?.  To  produce  such  curves  it  Lus  been  found 
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convenient  to  calculate  noise  levels  at  200,  370,  300,  l60O,  3200,  * . • etc. 
feet, 

2.1.2 .2  Ground  to  Ground  fropegatlon 

The  extra  ground  attenuation  is  derived  froa  SAE  AIR  $23  (Reference  8).  This 
document  assumes  a 10  knot  headwind  and  a ground  roughness  parameter  corre- 
sponding to  a cae-foot  high  grass  ground  cover.  Although  the  applicability  of 
the  assumptions  and  data  to  typical  airport  concur! ties  has  not  been  verified, 
this  AIR  provides  the  most  complete  procedure  lor  estimating  ground  attenuation. 

Far  introduction  into  the  computer  program,  extra  ground  attenuation  (EGA)  is 
calculated  by  means  of  a mathematical  model  of  the  zero  degree  angle  of  eleva- 
tion condition  of  Figure  b of  AIR  $23.  The  extra  ground  attenuation  is  a 
function  of  the  two  variables,  frequency  and  propagation  distance.  The  vari- 
ation with  frequency  is  taken  as  linear  with  the  logarithm  of  the  frequency 
with  the  slope  of  the  relationship  dependent  on  the  distance  from  the  source, 

As  with  air  absorption,  use  of  extra  ground  attenuation  requires  a sound 
pressure  level  spectrum  of  the  noise.  When  only  effective  perceived  noise 
level  or  A -noise  level  versus  distance,  for  air  to  ground  propagation, is 
known  and  no  spectrum  is  available,  then  approximate  corrections  for  ground 
attenuation  may  be  made  from  the  curves  of  Figure  2,1-3.  She  high-bypass  engine 
curves  are  based  on  L-1011  data,  reported  in  Volume  H.  The  current  b engine 
and  3/2  engine  low-bypass  engine  curves  arc  based  or.  information  in  Reference  9. 

For  over-the -ground  propagation,  the  noise  from  the  far-side  engines  is  likely 
to  be  shielded  by  the  airplane  and  by  the  turbulent  exhaust  fro©  the  nearer 
ergioes.  The  shielding  adjustment  of  3 log^  (susker  of  engines)  from 
Reference  10  i*  applied  in  the  calculation  of  ©rmni -to-ground  propagation. 

The  complete  calculation  froa  the  air-to-ground  levels  calculated  first  is 

(ground)  * L£  (air)  - BGA^  - 5 log^  (SE^J  dS  (2.1-5) 

2.1.3  k-iC&l-i  gfeise  Characteristics 

The  calculation  procedures  described  above  have  been  applied  to  L- 1011- l&S .2 11-223 
measured  noise  data  and  the  resultant  noise  propagation  curves  are  shown,  in  detail, 
in  Volume  II. 
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The  basic  data  for  tbits  noise  analysis  are  from  the  acoust:  al  measurements 

of  the  FAR  Part  36  certification  program  (Reference  10)  conducted  by  the 

Lockheed-California  Company  Commercial  Engineering  Flight  Test  organization. 

Twenty-three  flights  were  recorded,  fiiceen  approach  and  eight  takeoff  flights. 

The  instrumentation  and  the  measurement  and  data  reduction  procedures  complied 
* 

with  the  requirements  of  FAR  Part  36.  Two  microphones  were  used  at  tee  take- 
off point  and  four  at  the  approach  point.  The  takeoff  measurements  were  made 
at  3»5  nautical  miles  from  brake  release . A range  of  airplane  takeoff  weights 
provided  a range  of  noise  path  distances  of  about  1200  to  l£00  feet.  The 
approach  measurements  were  made  at  1 nautical  mile  from  the  threshold,  resulting 
in  a flyover  height  of  about  350  feet.  A range  of  landing  weights  provided  a 
range  of  engine  thrust  settings.  Experience  with  both  tc  : stand  and  fiig.it 
noise  measurements  had  showed  that  the  fan  was  tiie  major  contributor'  tn  *.r» 
total  noise.  Consequently , fan  speed  was  tine  most  appropriate  uaruaefcer 
against  which  to  correlate  noise.  Corrected  fan  speed,  U.kfe , expressed,  at*  a 
percents©?  of  maximum  design  speed,  was  selected  as  correlating  parameter. 

The  takeoff  measurements,  at  maximum  takeoff  thrust,  were  in  the  'range  of  jC 
to  95  percent  tijjbi  the  approach  measurements  spanned  a range  of  aheut  70 
percent  to  55  percent. 

The  one-third  octave-band  sound  pressure  levels,  till  angles  of  noise  radiation, 
and  the  noise  durations  between  the  10  db  down-  points  of  the  tone -vor  rented 
perceived  noise  level  time  histories,  fur  each  masurement  condition  and  e 
aierophoae,  ware  normalised  as  fe scribed  in  2.1.1  above.  All  mamtised 
spectra  at  a given  fie  spaed  ware  averaged.  The  radiation  angles  at  ta*a*-*ff 
and  at  approach  conditions  ver?  averaged  separately;  the  approach  average  vas 
then  used  for  the  propagation  calculations  at  tilts  speeds  up  is  7%  h^.%,  so-} 
the  takeoff  average  at  higher  fan  speeds.  The  difference  tr  noioe  resuitlsv 
from  the  angle  difference  was  sot  considered  sufficiently  great  warrant 
varying  the  atgle  at  intermediate  speeds.  Ttse  awersgjcd  naamiised  dura- 
tion corrections  were  csacatiaily  constant  for  the  approach  cenditi^ns  tut 
Shout  2 dll  higher  for  tas-eoff  cos^itiswv# » A linear  increase  in  dural  ion 

correction  above  73$  E JU9  was  used. 

.* 

The  effective  perceived  noise  lewis  and  the  A-neiss  levels,  at  n'traaiised 


conditions , were  also  averaged  at  the  various  corrected  tar.  speeds  for  which 
data  existed.  Curves  of  noise  level  versus  N^/v/fc  were  then  fitted  to  this 
200  foot  distance,  reference  day,  data,  as  shown  m Figure  2-1.  Similarly 
curves  were  fitted  to  the  data  points  for  each  of  the  one-third  octave-band 
sound  pressure  levels,  and  interpolated  spectra  were  determined  at  steps  of 
5 percent  in  f$  between  55  a.td  95  percent.  In  addition  a spectrum  was 
interpolated  at  67. ^ percent,  the  corrected  fan  speed  for  L-1011-1  maximum 
design  landing  weight  operation  at  sea  level  on  a FAB  Part  36  reference  day. 
These  interpolated  noise  signature  spectra  are  tabulated  on  Table  2-1. 

These  noise  signature  spectra  were  then  adjusted  to  other  distances  and  con- 
ditions as  described  in  2.1.2  above,  to  provide  It- 1011-1  noise  propagation 
characteristics  la  the  fora  of  noise  level  versus  distance.  When  only  the 
distances  and  air-to-ground  propagation  are  involved  and  the  sea-level  77°  F/ 
7 relative  humidity  conditions  maintained*  the  results  are  reference-day 
note©  propagation  and  are  illustrated,  for  effective  perceived  noise  level, 
on  Figure  2-2.  An  extensive  set  of  air-to-ground  propagation  plots  are 
included  in  Volume  II.  In  the  calculation  process,  distances  of  less  than 
200  feet  were  avoided,  as  the  far-field  assumptions  of  the  calculation  pro- 
cedure might  not  hold.  Propagation  calculations  were  carried  out  to  12800 
feet,  although  it  is  generally  recognUM  that  for  “Veal"  atmospheres,  the 
atmospheric  absorption  values  at  ambient  airport  conditions  cannot  be  expected 
to  give  reasonably  accurate  results  beyond  two-  to  three -thousand  feet.  For 
use  in  the  **ore  detailed  noise  exposure  analysis  to  be  described  in  a later 
section,  noise  propagation  calculations  were  also  conducted  with  extra  ground 
attenuation  added. 

From  the  Ir-.OH-l  propagation  data  "correction”  curves  have  been  developed  to 
pared. t conversion  of  effective  perceived  noise  levels  and  A -noise  levels  at 
reSVienea  conditions  to  other  teeperature  and  elevation  condition*  without  the 
noffe  detailed  and  <stwc  accurate  use  of  spectra.  These  curves  are  shown  as 
Figures  2 -1?  through  2-23  in  Volume  IX  "L-1011-1  Data.* 
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TABLE  2-1  L-1011/RB.211-22B  NOISE  SPECTRA  AT  £00  FFJ 
S7-A  LEVEL,  77°  F,  70$  RELATF7E  HUMIDITY 
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2.1.4  Data  Accuracy 


Appendix  A of  PAR  Part  36  (Reference  l)  requires  that  for  noise  certification 

data  one  must  ’’establish  statistically  ...  a 909 % confidence  limit  not 

exceeding  + 1.5  EPNdB.”  This  same  requirement  has  been  applied  to  the  noise 

definition  study  and  a statistical  analysis  has  been  conducted  to  verify  the  < 
* 

accuracy  of  the  L- 1011-1  noise  data  submitted  with  this  report.  This  analysis 
is  an  extension  of  that  performed  for  the  L- 1011-1  noise  certification  results 
(Reference  11 ). 


The  90^  confidence  limits  have  been  calculated  for  polynomial  fitr  to  the 
EPTfL  and  I»A  versus  H ./>/©  data  calculated  from  the  measured  noise  certification 
spectra  by  the  procedures  of  Section  2.1.2.  Polynomial  curves  were  fitted  to 
the  data  by  lie  method  of  least  squares  at  each  of  the  distances  200,  300, 

800,  1600,  3200,  6400,  and  12800  feet.  The  standard  error  of  estimate 
(Reference  12)  is  found  by 

n a 

2 <Li  • 

(2.1-0 


H - k - 1 


where  the  standard  error  of  estimate  of 

L oa  U^fJo 

Lj,  is  the  level  of  noise  input  to  curve  fit, 

L’^  is  the  fitted  level, 

S is  the  number  of  Inputted  points  to  the 
curve  fit, 

k is  the  order  of  the  fit. 


The  y| jper  90&  confidence  limit  for  tdse  true  mean  of  L is 


where  tQ,  is  obtained  free  a table  of  Student  t distribution  for  100  (i- 

percer.t  and  K-fc-1  degrees  of  freedom 


*,y3l,2,...k  is  the  standard  error  of  estimate. 
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Fot-  N - 23  points  (the  number  of  L-1011-1  noise  certification  flights)  and 
k - 2nd  order  fit,  t =*  1.325  and  t/s/N  = 0.2762.  Using  these  values  Table 
2 -II  results. 


TABUS  2 -II 

90$  Confidence  Limits  of  L-1011-1  Noise  ®ata 
from  Curve  Fits  to  EFN1  and  Values 


dBA 


Distance 
Feet  I 

fiy|i,2 

UX  X1U.-12 

90#  C.L.  i 

Sytl,2 

u-urv 

90#  C.L. 

200 

.4329 

.120 

.8048 

.222 

370 

.4426 

.122 

.8521 

•235 

8co 

.4908 

.136 

.9^24 

.260 

1600 

.5393 

.149 

1.03468 

.286 

3200 

.7798 

.215 

I.0972 

.303 

6400 

« 1 

CO 

« 

.248 

1.1227 

.280 

12800 

1.0677 

.295 

1.16851 

.323 

Since  it  was  convenient  to  use  spectra  at  given  values  of  N ^/\fo , second  order 
polynomial  curves  were  fitted  to  the  spectral  band  levels  versus  N^/s/d . The 
resulting  spectra  are  shown  on  Table  2-1.  The  9 0$  confidence  limits  for  each 
band  were  then  determined  and  the  EFNL's  and  L^'s  found  for  the  fitted  spectra 
and  for  spectra  with  the  SOjo  confidence  limits  added  to  each  level.  Taking 
the  differences  between  these  pairs  of  EPNL's  and  of  L^'s,  gives  the  9 0$ 
confidence  limits  versus  distance  of  Table  2 -II. 


TABLE  2-III 


90$  Confidence  Limits  of  L- 1011-1  Noise  Data 
from  Curve  Fits  to  One-Third  Octave-Band  Spectra 


90$  C.L. 


Distance 

Feet 

M fed 

If 

la 

dBA 

200 

0.31 

0.30 

370 

0.32 

0.30 

800 

0.32 

0.31 

1600 

0.32 

0.33 

3200 

0.36 

0.35 

6300 

0.38 

0.37 

12800 

0.39 

0.38 

Considering  both  of  these  statistical  analyses,  the  fit  of  the  acoustical  data 
is  seen  to  be  good  for  the  measurement  range,  showing  a 90$  confidence  limit 
less  than  jO.5  EFNdB  or  dBA.  This,  of  course,  is  only  a test  of  the  measured 
data  and  of  the  calculation  procedure,  because  no  statistical  analysis  is  per- 
formed on  the  atmospheric  absorption  values  which  are  fundamental  to  the  propa- 
gation calculations. 


Further  flight  noise  measurements  to  improve  the  accuracy  of  the  acoustical 
data  over  the  range  of  conditions  already  demonstrated  cannot  be  justified. 
Measurements  at  much  larger  distances  would  be  valuable.  However,  flight  test 
experience  (Reference  ll)  has  shown  that  even  at  distances  of  1000  to  2000 
feet,  the  dynamic  range  and  background  noise  of  the  best  available  instrumenta- 
tion is  not  adequate  to  measure  the  very  low  L-1011-1  noise  levels  at  higher 
frequencies.  At  greater  distances,  this  problem  would  be  aggravated,  eliminating 
even  greater  portions  of  the  spectrum,  and  making  EPNL  and  L ^ calculation  less 
accurate.  Attempts  to  improve  the  accuracy  of  the  atmospheric  absorption  data 
of  ARP  866  (References  4 and  5)  have  encountered  similar  dynamic  range  and 
instrumentation  background  noise  problems  (Reference  13) . The  only  additional 
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ii 


data  acquisition  that  might  he  warranted  would  he  that  aimed  at  filling  in 
the  gap  in  flyover  noise  measurements  between  70#  and  90#  N /N [$ . Previous 
experience  with  static  test  stand  and  flight  noise  measurements  of  earlier 
versions  of  the  RB.211-22B  engines  powering  the  L-1011  would  indicate,  however, 
that  no  appreciable  change  in  the  shape  of  the  noise  versus  fan-speed  curve  is 
likely  from  additional  data. 
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FIGURE  2,L 


CORRECTED  FAN  SPEED  (N^)  ~ i 
L-1011-1/RB211-22B  NORMALIZED  THREE  ENGINE 

NOISE  IEVELS  ON  200  FT.  SUE  LINE 


FOR  S.L.,  77 °F,  70*  REIATIVE  HUMIDITY 


ATIVE  HUMIDITY 


-:  'T:y¥;i^1T'W/pi 


2.2  AIRHAME  gRFOHMftNCE 

Section  2.2  presents  a technical  discussion  of  airplane  performance  In  terms 
of  takeoff  and  approach.  It  is  necessary  to  calculate  takeoff  and  approach 
trajectories  or  flight  paths  to  facilitate  the  calculation  of  noise  beneath 
these,  paths.  Figure  2.2-1  presents  a general  schematic  or  flew  diagram  of 
the  noise  definition  program.  It  is  the  mathematics  of  the  two  parallel 
branches,  takeoff  and  approach,  which  is  discussed  here.  The  end  result  is 
the  calculation  of  takeoff  trajectories,  such  as  the  sample  of  Figure  2.2-2, 
and/or  approach  trajectories,  similar  to  the  sample  of  Figure  2,2-3.  The 
parameters  K /sTd  , altitude,  Mach  number,  and  dovnrange  distance,  at  appro- 
priate points  in  the  trajectory,  are  saved  and  transferred  to  the  noise  foot- 
print subroutine  of  the  program. 

2.2.1  Takeoff 

This  section  describes  the  subroutine  which  calculates  the  takeoff  flight 
path  from  brake  release  (BR ) to  about  9300  feet  above  sea  level  (ASL)  for 
three  different  flight  paths.  All  flight  path3  reflect  all  engine  operation 
and  FAA  approved  aerodynamic  data,  thrust  characteristics  and  speed  relation- 
ships. The  all  engine  distance  to  3$  feet  is  actual  and  does  not  include  the 
13  percent  factor  associated  with  EAR  field  lengths. 

The  primary  flight  path  is  a 3 engine  takeoff  and  climbout  at  constant  equiv- 
alent airspeed  after  gear  up.  Another  path  is  a 3 engine  takeoff  and  climbout 
to  gear  up  with  the  option  of  a thrust  reduction  at  any  point  after  gear  up. 
During  accelerated  flight  after  gear  up,  normal  cleanup  procedures  (flap 
retraction)  are  followed. 

The  1962  Standard  Atmosphere  (Reference  1 k)  is  used  throughout  for  all  cal- 
culations. 

The  program  uses  equations  and  methods  developed  by  Flight  test  (Reference  11) 
that  describe  a takeoff  and  climbout  from  brake  release  to  a point  there  the 
aircraft  is  at  about  9500  feet  above  sea  level  (Figure  2.2-k).  Using  FAA 
approved  thrust , drag,  and  speed  relationships , the  aircraft  is  accelerated 
from  3.H  to  rotation  (ROT),  RCT  to  liftoff  (DOF)  and  DOF  to  a point  where  the 


aircraft  is  at  35  fe«t  (AGL) , Then  the  aircraft  is  accelerated  tram  the 
velocity  at  the  35  foot  point  (Vg  (3  engine))  to  a speed  equivalent  to  the 
engine  out  speed  (Vg  (2  engine))  plus  10  knots  at  gear  up.  After  gear  up 
this  speed  is  maintained  to  about  9500  feet  (ASL)  with  the  flap  setting  used 
for  takeoff.  At  gear  up,  any  flight  acceleration  between  that  corresponding 
to  maximum  climb  gradient  to  the  mftTrtnrnm  acceleration  corresponding  to  level 
flight  nay  be  selected  (Figure  2.2-5).  Use  of  the  accelerated  flight  path 
requires  an  explanation  of  the  speed  schedule  after  gear  up.  The  sketch 
belo«  sho”3  the  speed-altitude  relationship  required  to  meet  FAR  Part  25 
(Referenced),  which  limits  airspeed  below  10000  feet  to  250  knots. 


VELOCITY  ■<■**>  K£AS 

Also,  if  climb  speed  is  allowed  to  Increase,  normal  cleanup  procedure  (flap 
retraction)  is  followed.  Successive  incremental  retraction  of  tie  flaps  will 
take  place  at  the  airplane  speeds  specified  in  the  FAA  Approved  Flight  Manual 
(Reference  * 6).  The  stepwise  retraction  is  Instantaneous,  although  the  accel- 
eration will  be  continuous  during  the  cleanup. 

After  gear  up  any  cutback  thrust  level  may  be  chosen  between  full  thrust  and 
that  corresponding  to  the  thrust  required  for  level  flight  with  a wing  engine 
inoperative  (Figure  2.2-6).  After  gear  up,  the  aircraft  is  glided  at  constant 
equivalent  airspeed,  correspoading  to  V«  * 10  SEAS,  to  the  predetermined  cut- 
back altitude.  At  this  altitude,  the  throttles  are  set  to  an  ERR  (Engine 
Pressure  Ratio)  corresponding  to  a percent  of  taaxlnua  takeoff  thrust  and  a 


2. 2. 1.1  Input  Variables  and  Preliminary  Calculations 


The  takeoff  subroutine  is  a self  contained  program  which  means  that,  among 
other  things,  except  for  input  variables,  the  program  contains  all  of  the 
FAA  approved  aerodynamic  and  propulsion  data  necessary  to  run  takeoff  and 
climb out  paths  within  the  physical  limits  of  L-lQil-1  Tri-Star  and  the  con- 
tract requirements  described  in  Reference  16 . This  section  lists  and  des- 
cribes the  stored  aerodynamic  and  propulsion  data.  In  addition,  input 
variables  are  noted,  and  selected  preliminary-type  calculations  are  explained. 
The  program  is  then  in  a state  to  calculate  a takeoff  trajectory  from  brake 
release  through  termination  (about  9300  ft.  (AGL) ) . 

Internally  Stored  Data 

Internally  stored  L- 1011-1  aerodynamic  and  propulsion  data  includes: 

• Propulsion  Data 

RB211-22C  ECS  Bleed  On  Flatrated  to  SID  +3-8°C 
RB211-22C  ECS  Bleed  Off  Flatrated  to  STD  +3-8°C 
RB211-22B  ECS  Bleed  On  Flatrated  to  STD  <03.9°c 
RB2U-22B  ECS  Bleed  Off  Flatrated  to  STD  ♦13.9°C 

F.j  vs.  Hach  Ko.  from  SL  to  10000  (Press)  ft. 

Temperature  range  0°F  to  UO^V 

• Engine  Fating  (FLATS) 

The  first  value  in  Thrust  Table 

• g££i  Polars 

CL  vs*  Cb  fotir  settings  U,  10,  18,  22,  and  2?  degrees 

• vs . & 

C.  i 03*17°  Ku.  Flower  On 

C.  for  Flap  Settles  0,  L,  10,  13,  22,  27,  33*  and  *2*  degrees 
**a 

Approach  Flap  Settles 

• RE2U.8PB  Kap  (S801h) 


EJS  vs.  ¥. A for  Nm&  So.  .1,  .2,  .3,  and  .5 


• C_  ~ Stall  C„ 

-L*  .-  —■‘  . ..jj 

8 

CT  vs.  Flap  Sittings  4,  ID,  18.  22,  and  2?  Degrees 
Ls 

• ”K*  Factor's  For  Use  In  Ground  Bun  Distance  Equations 

• 1011-1  Wing  Area 

s = 32*56  ft2 

• Rolling  Coefficient 
^=.015 

• Tdieeoff  Speed  Ratios 

W WV  «*  V*5  for  (T/tQ^p  fToa  .lfe  to  .31  (covers  all 
engine  and  engine  out  operation) 

• Wiwiallliag  Drag 

Occurs  in  the  nrograa  in  the  fora  of  a third  order  curve  fit  of  WH/6 
vr . Mach  nuaberCH). 


• Bftoff  to  35  ft. 

Occurs  it.  the  pn^rca  in  the  form  of  a third  order  curve  fit  of 

i (W  V4*»ir 


V5* 


(51L 

• Height 

Occurs  in  the  jeo^pnas  In  the  fore  of  % third  order  curve  fit  of  St 


n{*  ‘ *L 


GO 


User  Supplied  input  Data 

ahc  input  variables  that  the  prograa  seeds  in  order  to  calculate  various  Uhe- 
off  end  clisdfcut  trajectories,  plus  their  cereal  oje  rational  Halts,  inclose: 
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• (OS)  Overspeed  Factor 

A multiplier  on  VH»  VL0F*  and  V2 


OS 

1.0 

1.025 

1.05 


Remarks 

Zero  Overspeed 
zjjft  Overspeei 
5*  Overspeed 


• (V,  ) Airport  Wind  Velocity 


is  the  airport  reported  wind  at  50  feet  above  the  runway 
• (T^  } Airport  Ambient  Teagaratures  in  Degrees  F 


• (TFAC)  Thrust  Factor 


TFAC  = x This  factor  can  be  used  to  run  degraded  engine  data  for 
-22B-10&  (TFAC  - 0-9) 


• (a^)  Acceleration 

Desired  acceleration  along  the  flight  path  (KXAS/SEC)  above  gear  up. 

*1  Remarks 

0 Zero  Acceleration 

1 1 KP/SEC 

3 3 KX/SEC 

• .0.^3)  Cutback  Height 

Predetermined  pressure  altitude  (ft)  where  cutback  will  occur 
o Cutback  Factor 

Predetermined  percent  of  takeoff  power 


CSFAC 

Remarks 

1.0 

Full  Takeoff  Fewer 

0.9 

90%  of  Takeoff  Power 

0.5 

50>  of  Takeoff  Fewer 
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Takeoff  (-22C)  U,  10,  18,  22u 

(-22B)U,  10,  l8,  22,  27 

Approach  33,  1*5° 


Slope  of  the  runway  In  percent  (decimal) 

Slope 

Remarks 

-.02 

Down  Slope 

0 

No  Slope 

+.02 

2$  Up  Slope 

• (K  ) Airport  Pressure  Altitude 

jj  1 

Airport  Pressure  Altitude  (ft) 

H 

J» 

Remarks 

0 

Sea  Level 

2000 

2000  Pressure  Alt.  (ft) 

6ooo 

6030  Pressure  Alt.  (ft) 

6000  feet  is  the  upper  licdt  for  the  progress,  Higher  altitudes  cast  be 
run,  hut  extrapolation  of  propulsion  data  would  result . 

kvA  f l sally. 

Takeoff  gross  weight  is  the  weight  at  brake  release, 
of  takeoff  weights  for  use  with  the  pre^rae  are: 

The  normal  rangf 

(Lower)  gdO.'OOQ  lb. 

(Ups*r)  (i30..SSC  lb. 

the  use  of  winds  in  the  progjraa  needs  further  explanation.  As  per  MAR  r«4ul» 
tietts,  wins  used  in  takeoff  calculations  sust  be  50jt  of  the  reported  hesdwij-4 
of  the  reported  tailwind,  therefore,  the  actual  wind  velocity  used  in  a 
distance  calculations  must  he  factored  in  the  followis^  tanner: 

headwind  0.5  *V 

i 

Tailwind  1.5  x V„ 

In  addition,  the  reported  wind  at  a height  of  50  feet  must  be  corrected  to  the 
height  of  the  airplane  MAC  for  calculations  from  brake  release  (BH)  to  rotation 
(ROT).  The  wind  shear  correction  is  described  below. 


REPORTED  WIND  AT  50* 


a M2  NON-DIM.  (2.2-1) 

Therefore,  for  all  distance  calculations  up  to  and  including  rotation  the 
following  wind  factors  apply. 

V = Reported  Wind  at  5Q  feet 
i 

Vw  a Adjusted  Wind  Velocity 
Vv  * {.8te)  (1.5)  Vv 

i ms  (2.2-2) 

vv  • 1.263  Vv  (Tailwind) 

1 

and  Vv  « (.3142)  (.5)  Vv 

1 

V * .h21  V (Headwind) 

i 

AU  engine  and  engine  out  "speed  at  the  35  foot  point , called  V^(3)  and  V^(2), 
are  required.  Such  information  Is  provided  by  flight  test  and  is  presented 
in  figure  2.2-9.  the  variation  of  V^/Vg  with  thrust  to  weight  at  liftoff  is 
linear. 
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2.2. 1.2  Brake  Release  to  Rotation 


.jjMnMM. 

t 


The  pertinent  equations  and  data  used  in  calculating  ground  roll  performance 
from  brake  release  to  rotation  are  presented  here.  Figure  2.2-4  shov3  a 
general  schematic  of  a nominal  (normal)  3 engine  climb  to  altitude,  including, 
of  bourse,  the  ground  roll  as  defined  here.  Values  of  normalized  rotation 
speed  ( Vn/V„ ) as  a function  of  thrust  to  weight  at  liftoff  have  been  deter- 
mined. from  measured  flight  test  data  and  are  shown  in  Figure  2.2-9.  These 
data  apply  at  all  flap  settings.  A first  degree  or  linear  curve  fit  of  this 

i 

data  yields  an  expression  of  the  form 


ft  T i 

« 1.282-0.45  ~ NON-DIM.  ( 2.2-3  ) 

s Aof 


Stall  speed  is  determined  from 


VS  = 


M CLSS 


KEAS 


( 2.2-4  ) 


The  incremental  ground  distance  covered  from  BR  to  ROT  is 


,0442?  (V  2-V  2) 

S - R w 

a T/W  -a  4 -WTl 
CL 

rms 


FT. 


( 2.2-5  ) 


Equation  2.2-5  is  derived  from  the  application  of  an  elementary  force 
balance  wherein  .runway  slope  and  winds  are  accounted  for  in  addition  to  the 
customary  aerodynamic  and  ground  roll  forces.  Section.  9 ■ 3 of  Reference  17 
provides  a detailed  development  of  this  and  other  distance  equations.  It 
snou id  be  noted  that  all  velocities  used  J.n  this  and  subsequent  distance  equations 
are  equivalent  airspeeds.  The  equivalence  between  true  and  equivalent  air- 
speed is  the  standard  ralationship: 

V„  ( 2.2-6  ) 

VT  = -4  KEAS 

T >F 
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Geometric  altitude  (HTq)  at  the  end  of  the  segment  (rotation)  is  calculated 
in  a manner  which  reflects  runway  slope,-  and  indirectly,  winds.  Thus, 


”<,  ■*  Hp  * %AT  + * * S«  n-  - 
■Incremental  time  (At)  from  BR  to  ROT  is  calculated  from 


( 2.2-7  ) 


( 2.2-8  ) 


syr  - T»  1,6678 


Equation  2.2-8  is  essentially  the  ratio  of  distance  covered  to  average 
velocity,  with  due  regard  for  wind  and  units. 

At  segment  end,  rotation,  an  interpolation  is  made  for  %/Ve  using  appropriate 
calculated  values  of  EPR,  Mach  number,  and  pressure  altitude.  These  para- 
meters, plus  downrange  distance,  are  passed  to  the  footprint  routine  for  use 
in  calculating  noise  along  the  flight  path. 


2, 2, 1.3  Rotation  to  Liftoff 

The  performance  from  rotation  to  liftoff  is  described  in  the  same  manner  as 
for  the  previous  segment.  The  liftoff  speed  is  obtained  from  Figure  2.2-9 
An  acceleration  from  Vp  to  V^op  is  made.  The  incremental  distance  covered 
is  . 


.0442? 


(V|of  " V2  ' <VR  - V 


FT.  (2.2-9 N 


T/W  - M*  “ 0 - 


KK 


rms 


Equation  (2.2-9)  is  the  generalized  ground  roll  equation  which  is  derived 
using  simple  force  balance  mathematics.  A detailed  derivation  is  given  in 
Reference  1'7,  Section  9*3  (Takeoff  Distances). 

Geometric  altitude  (HT^)  at  the  segment  end  point  (liftoff)  is  given  by  the 
expression 

n^G  13  pXTRAT  + ^ x ST0T  (BR  to  ROT)  FT*  (2.2-10) 

where  runway  slope  is  accounted  for  by  the  0 x ST0T  term. 

Incremental  time  (At)  from  rotation  to  liftoff  is  calculated  from 


SEC.  (2.2-11) 


'(Viof  + V - Vv 

i.68?8 

2>F  j 

which  is  essentially  a distance  divided  by  an  average  velocity  with  due 
regard  for  wind  and  units. 

At  segment  end  point  (liftoff)  an  interpolation  is  made  for  N]_/^0  using 
appropriate  values  of  EPR,  Mach  number,  and  pressure  altitude.  These  para- 
meters, plus  downrange  distance,  are  passed  to  the  footprint  routine  for  use 
in  calculating  noise  along  the  flight  path. 
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2. 2. 1.4  Liftoff  to  35  Feet 

This  segment  begins  at  liftoff  and.  covers  the  distance  traveled  during  tran- 
sition from  ground  run  to  a point  where  the  aircraft  has  climbed  to  a height 
of  35  feet  (AGL).  The  time  for  this  transition  (Tclmb)  *8  described  as  a 
function  of  gradient  at  liftoff  (ylof)  as  shown  in  Figure  2.2-7.  This 
curve  results  from  measured  flight  test  data  and  is  supplied  by  the  Lockheed 
Flight  Test  organization.  A third  degree  curve  fit  of  this  data  yields  a 
time  equation  of  the  form 


T 

clmb 


a 


8.77  -49.5  Ylof  + 107*8  yw  + 54.4  y. 


lof 


’lof 


SEC.  (2.2-12  ) 


Ground  distance  covered  during  the  climb  (Sc)  is  derived  from  the  elementary 
equation 


S ■ V At  FT. 

Therefore , 


/ya  tTiof  \ 

[\  I 


- V 


I.6878  T 


clmb 


(2.2-13  ) 


FT.  (2.2-14  ) 


The  incremental  altitude  is  set  to  35  feet.  Geometric  altitude  (HTq)  at  the 
end  of  the  segment  is  calculated  in  a manner  which  reflects  runway  slope. 
Accordingly, 


■ K * + 0 I s„  + s 


( s + S + s I 

la  r c / 


+ 35  ft,  (2.2-15) 


At  segment  end,  the  nominal  35  foot  point,  an  interpolation  is  made  for 
%/V®  using  appropriate  calculated  values  of  EPR,  Mach  number,  and  pressure 
altitude.  These  parameters,  plus  dovnrange  distance,  are  passed  to  the  foot 
print  routine  for  use  in  calculating  noise  along  the  flight  path. 


2.2. 1.5  Climb  from  35  Feet  to  Gear  Un 

This  segment  describes  the  airplane  flight  path  from  a point  where  the  air- 
plane is  35  feet  above  ground  level  (AGL)  to  a point  where  the  landing  gear 
is  fully  retracted.  It  should  be  noted  that  the  calculated  path  is  linear, 
Whereas  the  actual  path  has  curvature. 


GEOMETRIC 

ALTITUDE 

~BT 


Along  the  flight  path  the  airplane  is  accelerated  from  the  velocity  at  the 
35  foot  point  (V2  (3  engine))  to  a speed  at  gear  up  equivalent  to  the  engine 
out  speed  (V^  (2  engine))  plus  10  knots. 

Incremental  distance  to  gear  up  is 


1.6378  At^j , ^ GlJ 


(V2(2)  + 10)  + Vg(3) 


FT.  (2.2-16) 


Total  time  from  liftoff  to  gear  retraction  is  fixed  at  17.5  sec  (1U.5  + 3) 

m ja 

(Reference  10) . Time  from  LOF  to  35  feet  is  a function  of  as  shown 

LOF 

in  Figure  2.2-7.  The  data  of  Figure  2,2-7  evolves  from  measured  flight  test  data 
and  is  provided  by  the  Lockheed  Flight  Test  organization.  Delta  time  from  35 
feet  to  gear  up  is  given  by  the  equation 


At-,-,  , a 17.5  - T,.  SEC.  (2.2-1?) 

35  to  GU  clmb^  to  35' 


Therefore , 


SQU  . 1.6878 


(V,(2)  + 10)  + (V_(3)) 


- V 


(17.5  - T ) 

cljnbL0F  to  35' 


FT. 


(2.2-18) 
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The  effect  of  wind  on  ground  distance  is  accounted  for  in  equation  2.2-18  by  use 
of  a modified  wind  velocity  (Vy-m S).  For  mathematical  simulation,  the 
measured  (fixed)  head  or  tailwind (which  is  input) is  decreased  (headwind)  or 
increased  (tailwind)  by  50  % to  yield  an  appropriate  valve  of  modified  wind 
velocity.  This  particular  simulation  is  valid  fen:  flight  above  the  35  foot 
point  and  is  further  justified  in  Section  2. 2. 1.1. 

Since  the  program  accounts  for  runway  slope,  the  determination  of  altitude 
at  gear  up  (HTGU)  is  of  interest. 


mGU  = Hp  1 trat  + ♦* hn  to  35'  + 35  +^u  - *H  rc*  <2.2-19> 

The  height  at  gear  up  (AH^)  as  shown  in  Figure  2.2-8  has  been  described  by 
lockheed  Flight  Test  as  a function  of  gradient  at  liftoff.  This  height  does 
not  account  for  the  increase  in  airspeed  when  accelerating  from  Vg(3)  to 
Vg(2)  + 10  KEAS.  Accordingly,  an  incremental  correction  altitude,  called 
AH,  is  introduced. 

The  terms  AHQU  and  AH  of  equation  2.2-19  are  calculated  as  follows: 

AHGU  a ^ AIWno  a Unaccelerated  clink  to  gear  up  is  a function  of 

ACCEL  (£-£).  (See  Figure  2.2-8). 

LQF 

AH  s The  incremental  altitude  difference  between  an  unacceleratcd  climb 
from  liftoff  to  gear  up  and  a climb  that  accounts  for  an  accelera- 
tion from  V2(3),  the  3 engine  speed  at  35  feet,  to  V2 (2)  + 10, 
which  is  the  2 engine  speed  at  35  feet  plus  10  knots. 


<Ho>  =WW  ' M 

UU  ACCEL  uu  NO 

ACCEL 


FT* 


(2.2-20) 


■ <“feu>  *"  Hu} 

UU  ACCEL  NO 

ACCEL 


FT. 


(2.2—21 ) 


Since 

and 


~jj“  = tapeline  rate  of  climb  (ft/sec) 


T 
“cEF 


FT. /SEC. 

(2.2-22) 


30 


iCCEL 


d 


ACCEL 


(1.68781  VT  dVr 
s dt 


FT./SEC. 

(2.2-23) 


Substituting  and  approximating , 


or 


so 


Finally, 


ACCEL 


AII&u) 


ah  - MM)!* tAVt 

ACCEL  '*U/H0  g 1 1 


ACCLL 


AHou)accel  " • &£M.2 

ACCEL  g 


FT. /SEC. 
(2.2-24) 

FT. 

(2.2-25) 


(V2(2)+  IQ)  ♦ V?(3) 


x (V2(2)  ♦ 10)-  V£(3) 


\ 


AHGu]aCCEL  ° Ai\,w,.t0 


[iou).^  -‘^7  (v2(2)  ♦ 10)2  - v2or 


ACCEL 


•bare 


<1H  » .0LL27  (V2(2)  + 10)2  - Vg(3)  2 


FT.  (2.2-28) 


The  pragma  has  an  iterative  routine  -hich  will  determine  AH  by  making  on 
initial  guess  and  then  calculating  a value  using  equation  2 .2-28  until  such 
tiao  as  the  guess  and  the  calculation  are  sufficiently  close. 
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At  gear  up  an  interpolation  la  Bade  for  S^A/S'using  appropriately  calculated 
values  <*i*  EH},  Mach  nunber,  and  pressure  altitude.  These  parameters,  plus 
downrange  distance,  are  passed  to  the  footprint  routine  for  use  in  calculating 
noise  along  the  flight  path. 


* 
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2.2 .1.6  3 Engine  Cliab  After  Gear  Up 

The  3 cliab  options  after  gear  up  include:  a constant  velocity  climb 
(Vg(2)  + 10)  with  flaps  extended  (Figure  2.2-1*)}  an  accelerated  climb  after 
gear  up  with  normal  flap  cleanup  procedures  followed  (Figure  2.2-5);  and  a con- 
stant, velocity  climb  with  the  option  of  a thrust  cut  back  after  gear  up 
(Figure  2.2-6). 

2. 2. 1.6.1  Constant  V0(2)  + 10  KEAS  Climb  After  Gear  Up 

For  noise  analysis  a constant  equi valent  airspeed  (E AS)  climb  is  considered 
the  normal  climb  option  after  gear  up  since  it  results  in  the  highest  altitude 
at  any  given  downrange  point.  Cliab  is  established  at  a constant  EAS 
(Vg(2)  + 10  KEAS)  and  continued,  at  the  flap  setting  for  takeoff,  to  about 
9500  feet  above  sea  level  (ASL) . 

To  establish  the  method  for  calculating  incremental  distance  and  height  after 
gear  up,  time  increment  is  fixed  at  5 seconds  and  a graphical  type  integration 
is  established*  The  incremental  heights  over  5 second  intervals  are  summed 
until  the  pressure  altitude  exceeds  9500  feet  (ASL). 


For  climb  at  a constant  equivalent  airspeed,  true  airspeed  increases  because 
of  the  altitude  dependence  of  density  ratio  ( <r ) where  \rj  definition 

v « x ms 

e 7 
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i£ i 


l 


This  aean# , of  course,  that  acceleration  as  used  in  the  program  is  not  equal 
to  zero  for  a constant  BAS  climb.  The  increase  in  true  airspeed  is  accounted 
for  in  the  Bate -of -Climb  (R/C)  equation  in  the  following  manner: 


Since 


aco  ” ff  ' X 

HOH-DIM. 

(2.2-29) 

«»,  = 0)  B/Cm  ^ . 1.6678  tT  ‘ B)  V* 

FT. /SBC. 

(2.2-30) 

(AVt  * 0)  B/C^  = 1.6878  (T  ‘ D)  VT 

■<i*i  S> 

FT. /SEC. 

(2.2-31) 

Far  a constant  equivalent  climb 


Therefore 


Or 


Then 


H/CBAS  = lMlQ  ^ ~ D)  VT 
CLIMB  tf  ( 1 ♦ .567  1^) 


r/c^  -1:6®?8  vt 


CLIMB  {1  + .567  i?) 
For  “1"  g flight  L = V 


M 

(5-S) 


CLIMB  (1  * .567  1^) 


R/C^  * Vt  ACC 

CLIMB  (1  ♦ .567  ) 


FT. /SEC.  (2.2-32) 


FT. /SEC.  (2.2-33) 


FT. /SEC.  (2.2-35?) 


FT. /SEC.  (2.2-35) 


Equation  2.2-35  accounts  for  the  increase  in  true  airspeed  during  a constant 
equivalent  airspeed  climb.  She  equation  does  not  account  for  acceleration 
along  the  flight  path  due  to  a change  in  flight  path  angle.  A discussion  of 
the  equations  for  acceleration  along  the  flight  path  appears  in  Section  2. 2. 1.6 .2 
herein. 
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Uslag  Equation  2.2-35,  the  incremental  height  is  a function  of  the  instan- 
taneous rate  of  cllsfc 


48  * 5 toMns  n 

CLIMB 


(2.2-36) 


The  incremental  ground  distance  travelled  durii^  each  5 second  interval  is  a 
function  of  the  average  velocity 


SC1*  * 1‘6678  *«*,  VT 

PT. 

(2.2-37} 

Sine* 

*«-,"5SiC- 

(2.2-38) 

Then 

3CM.  ’ BA39  7t  k- 

(2.2-39) 

Equations  2.2-2h,  2.2-35,  2.2-36,  and  2.2-39  are  the  basic  equations  used  iu 
each  5 second  Integration  interval  to  calculate  EAS  climb  performance . 

At  each  calculated  end  point  in  the  -limb  an  interpolation  is  for 
using  appropriate ly  calculated  valves  of  EES,  Mach  number,  and  pressure 
altitude.  These  parameters,  plus  dounrange  distance,  are  passed  to  the  foot- 
print  routine  for  use  in  calculating  noise  along  the  flight  path, 

2. 2. 1,6. 2 Accelerated  Climb  After  Gear  Up 

The  accelerated  climb  path  option  starts  at  gear  up,  and  continues  until  eiu 
a 9500  foot  pressure  altitude  is  received  or  airspeed  reaches  250  KKA3.  If 
250  SEAS  is  reached  before  9500  feet  (A3L),  the  ciiab  is  continued  at  that 
speed  to  9500  feet  (ASL),  The  sketch  at  the  top  of  the  foliating  page  illus- 
trates the  htMadnrles  fear  accelerating  tc  altitude. 


altitude 


V10 


du=0 


E 9500  ft(ASL) 


VELOCITY 

Bath  BC  is  a constant  (EAS)  climb  from  gear  up.  fttth  BOB  Is  a level  flight 

acceleration  to  250  KEAS  followed  by  a constant  250  SEAS  clicb.  Ibth  BOB 
represents  an  intense diate  cliab  where  total  thrust  available  is  divided 
between  clion  and  acceleration.  The  basic  logic  for  the  acceleration  option 
assumes  that  the  total  thrust  after  gear  up  can  be  divided  between  clieb  and 
acceleration.  This  is  accomplished  in  the  following  oanaer. 


KV 


A sixple  force  balance  yields,  for  level  flight, 


£ F 

X 6 

{2.2-kQ) 

T - D a - a 
e 

(2.2-Al) 

a " - D 

s ~ V 

(2.2-W) 

For  “1H  g flight  L = W 

a It  d\ 

g L Mcc. 

(2?  .2-1*3) 

An  equation  similar  to  2. 2-b3  has  already  been  defined  as  a gradient  tens  (*» 
Equation  2.2-29,  * zero  acceleration  cliesb  gradient). 


Let 


acceleration  gradient  for  level  flight 
(zero  clicb) 


Sow  that  a (zero  clitsh)  acceleration  gradient  and  (zero  acceleration)  diet 
gradient  are  defined,  the  total  gradient  available  is  assuoei  by  definition 
to  be  the  sub  of  the  two  gradients 
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DISTANCE 

Increnent&l  height  and  ground  distance  covered  during  each  5 second  integration 
interval  ore 


&ii*5*R/CACC  re.  (g.g-50} 

u the  average  velocity  over  each  5 second  interval 


"cl*  • lMtt  ?T 

FT, 

(2.2-51) 

SCtei  * 3-’w  5S 

FT, 

(2.2-52) 

Equations  2.2-kf  thru  2.2-51  are  the  fcvsie  equations  used  in  each  5 secessi 
integration  interval  to  calculate  accelerated  click  perslorcanee, 

At  each  calculated  end  point  la  the  click  an  interpolation  is  cade  for  . 
using  appropriately  calculated  values  of  SFK,  *fech  sucker,  and  pressure 
altitude . T&sse  paraaeters,  plus  dovsrange  distance,  are  passed  to  vise  foot- 
print routine  for  use  in  calculatisg  seise  alo&s  the  flight  path. 

Storing  the  acceleration,  successive  iscrsaestal  recraciias  of  the  flaps  will 
occur  at  the  following  ttlslnsas  flap  retract  lor.  speeds: 


MINIMUM  FLAP 


FLAP 

RETRACTION  SPEED 

2? 

V2 

4 

10 

22 

V2 

+ 

10 

18 
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10 
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14 
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20 

0 

V2 

+ 
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The  stepwise  retraction  is  instantaneous,  although  the  acceleration  will  he 
continuous . 
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2. 2. 1.6, 3 Thrust  Cutback  After  Gear  Dp 


V,+ 


2 + 60 


After  gear  up,  ary  cutback  thrust  level  may  be  chosen  between  full  takeoff 
thrust  and  that  corresponding  to  the  thrust  required  (DRAG)  for  level  flight 
with  a wing  engine  Inoperative  (Figure 2. 2-6 \ After  gear  up,  the  aircraft  .is 
climbed  at  constant  equivalent  airspeed,  corresponding  to  V2  + 10  KEAS,  to 
the  predetermined  (input)  cut  back  altitude.  At  this  altitude,  the  throttles 
are  set  to  an  EFR  (Engine  Pressure  Ratio)  corresponding  to  a percent  of  maximum 
takeoff  thrust  and  a new  climb  gradient  established.  The  climb  is  continued 
at  constant  speed  to  about  9500  feet  (ASL) . 
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Thrust  cutback  can  be  initiated  at  any  point  after  gear  up  by  inputting  a 
cutback  altitude  (HTcb)  and  a percent  of  thrust  available  (CBFAC).  At  HTCB, 
the  thrust  required  for  level  flight  with  a wing  engine  out  is  calculated 
using  the  following  equations: 

(Windmilling  Drag^/a  = .57  + 1038  M + 8571  M2  + 3333  M°  LB  (2.2-53) 


n 


Flight  Test  (Reference  1 8 ) describes  the  out  of  trim  moment  coefficient  as 

D 

CN  = .229  (Fk  + ) NON-DIM.  (2.2-54) 


and  the  engine  out  trim  drag  as 


^TRIM  = -•00013  + -0226  CH  + 4.197  C/ 

(2nd  degree  fit  of  Figure  2.2-11). 

FIL,  = thrust  required  with  a wing  engine 
inoperative 

™So  “ (CD  + V (4s)  + V <S> 

When  CBp^c  is  less  than  FN^,  CR^  is  set  equal  to  F^. 


(2.2-55) 


(2.2-56) 


The  integration  interval  here  is  altitude  based.  The  basic  equations  used 
to  calculate  climb  at  each  altitude  increment  include 


R/C  = U6878  (I  ' B)  VT 

W (1  + .567  M2) 

FT. /SEC. 

(2.2-57) 

Where  T = T (CB^J 

LB. 

(2.2-58) 

vT  = (v2  + 10)  /Jo 

FT. /SEC. 

(2.2-59) 

TClmb  = 20°/(R/C) 

SEC. 

(2.2-60) 

SCMb  " 1*6878  VT  TClmb 

FT. 

(2.2-61) 

At  each  calculated  end  point  in  the  climb  an  interpolation  is  made 

for  N//? 

using  appropriately  calculated  values  of  EPR,  Mach  number,  and  pressure 

altitude.  These  parameters,  plus  downrange  distance,  are  passed  to  the  foot- 
print routine  for  use  in  calculating  noise  along  the  flight  path. 
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2.2.2  Approach 


This  section  describes  in  technical  detail  the  equations  that  are  used  to 
calculate  the  basic  engine  thrust  requirements  that  are  the  aerodynamic  input 
necessary  for  the  approach  noise  program.  The  basic  aerodynamic  data  such  as 
the  airplane  drag  polar s (C^,  Cq),  Direct  Lift  Control  drag  increment,  and 
stall  characteristics  of  the  airplane  are  all  based  on  FAA  approved  results 
such  as  those  published  in  the  FAA  Type  Certification  Report  (Reference  18) 
and  the  Airplane  FAA.  Approved  Flight  Manual  (Reference  ”^6  ).  The  effect  of 
Direct  Lift  Control  on  drag  and  speed  is  assumed  to  be  the  same  for  the  33 
degree  flap  as  for  the  42  degree  flap  configuration.  The  33  degree  flap 
drag  polar  is  also  based  on  FAA  approved  results. 

The  basic  aerodynamic  and  performance  equations  used  to  generate  engine 
thrust  required  for  constant  glide  slope  and  constant  calibrated  airspeed 
are  as  follows: 

R/D 

GROUND 

For  a constant  calibrated  airspeed  approach  with  flaps  and  gear  down,  the 
following  trigonometric  relationship  relative  to  ground  reference  can  be 
shown: 

-sin  0 = -grad  = NON-DIM.  (2.2-62) 

GROUND 

The  rate  of  descent  (R/D)  can  be  derived  from  the  total  energy  concept  of 
the  airplane  in  1 'g'  flight: 

Total  Energy  = Potential  Energy  + Kinetic  Energy 

E =r  PE  + KE  FT. -LB. 

•y- . 

Potential  Energy  = Weight  x height  = Wh 

Kinetic  Energy  - £n  V2  = £ | V2  x 2. 856 

2 

where  2.856  = conversion  factor,  knots  to  feet  per  second 
squared, 
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Total  energy  is  expressed  in  foot-pounds. 
Therefore,  the  equation: 


E = Wh  + 2.856  - Zl 

g 2 


FT. -LB. 


The  rate  of  change  of  total  energy  per  pound  of  airplane  weight  is: 


iM  = . 2.856  h £5 

vi  u 


dt 


FT. /SEC. 


dt 


The  acceleration  term  of 


dVT 


dt 


may  be  written  as 


v 

d T 


dVT 


dh 


dt  dh 

and  from  substitution 


dt 


dV_ 


& iSM  = 0836  v H 

dt  dt  *U00&  VT  dh  dt 


* §•  (1  + .0886  vT  I?  ) 


FT. /SEC. 


dt  ' ' x dh 

The  total  energy  can  change  only  as  the  result  of  the  net  increment  between 
FN  and  drag  vectors  acting  on  the  airplane  and  is  expressed  by  the  following: 

Energy  = Force  x Distance  = (FN-D)  x Distance 

The  rate  of  change  of  total  energy  per  pound  of  airplane  weight  is: 

FT. /SEC. 


d (E/W)  _ (FN-D)  x Distance  x 1.69 
dt  = W dt 


where  Distance  = true  velocity 
dt 


I.69  = conversion  factor  knots  to  feet  per  second 


Setting  this  equal  to  the  first  equation  of 


d( E/W) 


1.69  (ip)  VT  = ||  (1  + .0886  VT  ^ ) 


dV„ 


W 


2-1*2 


Lif  } S*-  9 3 


and  if  H = R/D 

then  v 

R/D  in  feet  per  minute  = —tSUl .(Zfizfi) Jl_  N./UlN.  (2.2-63) 

W (1  + .0886  V„  111 

1 dh  ' 


Substituting  this  in  the  gradient  equation, 


- grad  = 


^FN-P)  VT 

W (1  + .0886  Tt  A ) T 
dh 


NON-DIM.  (2.2-64) 


For  zero  wind  condition,  = VGRQUKD 


- grad  = 


(FN-D) 


W (1  + .0886  vT  ) 


In  case  of  head  or  tail  winds , / vgR0UND 

(fn-d)  vT 


grad  = 


W (1  + .0886  VT  J[t  ) VGR0UMD 
dh 


NON-DIM.  (2.2-65) 


NON-DIM.  (2.2-66) 


In  determining  the  engine  thrust  required  for  a predetermined  gradient,  air- 
plane weight  and  approach  speed,  it  can  be  seen  that  the  airplane  drag  must 
be  calculated.  The  aircraft  is  assumed  to  be  approaching  at  a constant  cali- 
brated airspeed  which  for  altitudes  near  sea  level  is  practically  identical 
to  equivalent  airspeed.  With  the  assumption  that  calibrated  is  equivalent 
airspeed,  the  drag  of  the  airplane  can  be  calculated  as  follows: 

q S 

D = CD  q S 

where  q = dynamic  pressure  - 

<•  S = wing  area  = 3456  £4 


V “ 
e 

295 
. ft. 


NON- DIM. 
LB. 

LB./FT.2 


Since  V is  constant  and  independent  of  altitude,  the  airplane  drag  is  inde- 

pendent  of  altitude.  The  kinetic  energy  term  (l  + .0836  Vj  T ) is  dependent 

dh 
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on  altitude,  but  by  Investigation,  considering  the  range  of  altitude  of  this 
analysis,  this  factor  will  vary  by  less  than  1 tenth  of  1 percent.  This 
factor  is  generally  of  the  magnitude  of  1.03. 

By  solving  the  gradient  equation  for  FN,  knowing  the  speed  and  configuration, 
the  performance  input  for  thrust  required  is  determined  for  the  footprint 
subroutine  of  the  noise  definition  program. 

A single  segment  or  a two-segment  approach  may  be  calculated.  Glide  slope 
angle  for  a single -segment  approach  may  be  any  value  between  3 and  6 degrees, 
inclusive.  If  a second  segment  is  added,  its  glide  slope  is  fixed  at  3 
degrees.  Input  required  to  compute  approach  includes  glide  slopes,  transi- 
tion height,  direct  lift  control  flag,  weight,  plus  thrust  and  drag  in  tabular 
form.  Threshold  altitude  is  fixed  at  50  feet.  Winds  may  be  accounted  for. 


■ . 


START 


rpv-T 

Airjert  altitude, teaperatura, 
vind  velocity, flip  tatting,  airplane 
weight,  engine  IS,  •agin* orerspeed 
factor,  no  1m  veraua  K.Avtfid 
distance  v/vo  EGA,  radiation  and#, 
contour  larali 


■4$y 


• imt 

Accalaratloo,  rum, ay 
slope,  angina  flat  rata 
constant,  thrust  cutback 
altitude  and  factor 


CALCULATE 

BRAKE  RELEASE  TO  RCIAIIOS 


rAKBOFP  OR  APPROACH' 
(n-psp)  


APPROACH 


input 

. . 

Gllda  slopes,  transition 

halfht,  direct  lift 

. 



control  flag 

TAKEOFF  . ..  - . 

1 SUBROUT  BIZ 

SUBROUTINE  CALCULATE  FLIGHT  PATH 

1 

(3°  to  threshold) 

CALC2.ATE  i 
ROTATION  TO  LIFTOFF 


CALCULATE  FLIGHT  PATH 
( 3°  - 6°  to  transition  or  threshold) 


CALCULATE 
LIFTOFF  TO  35  FEET 


CALCULATE 
35  FEET  TO  SEAR  UP 


ALTITUDE 

'ACCaSRATl^' 
>0 


THRUST  CUTBACK 
AFTER  GEAR  UP 


H08KAL  CLIKb 
FROM  GEAR  UP 


accoexateo  club 

FRCM  GEAR  U? 


OUTPUT 

Typical  parfonsance  trajectory  with 
1../V?  and  IEPR  at  a function  of 
altitude,  speed,  and  distance  (fron 
brake  release  or  threshold) 


CALCULATE  K01SE  CCTOUR  DATA 


FOOTOUHT 

SUbSJUTElE 


PLOT  FOOTPRINT  AND/OR 
CE'iiESLDtK  KQl?E  COCTOURS 


OUTPUT 

Contour  leeel  nolao  at  a function 
of  cross  ate  dcvnrtngtj  centerline 
and/or  sideline  nolee  ae  a fur. c Hoc 
of  downraog* 


FIGURE  2.2-1  FLOW  DIAGRAM  OF  THE  BOISE  DEFINITION  PROGRAM 
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FIGURE  2.2-2  TYPICAL  TAKEOFF  TRAJECTORY  (CONSTANT  EAS  CLIMB  AFTER  GEAR  UP) 
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FIGURE  2.2-3  TYPICAL  APPROACH  TRAJECTORY  ( SINGLE  SEGMENT  —3°  GLIDE  SLOPE 


SCHEMATIC  - 3 ENGINE  TAKEOFF  AND 
ACCELERATED  CLIMB  AFTER  GEAR  UP 


SCHmATIC  - 3 B1GIHE  TAKEOFF  AND 
CLIM30UT  AT  CONSTANT  SPEED  WITH 
THRUST  CUTBACK  AFTER  GEAR  UP 


Overspeed  Factor  (0 d)  — 1.0 


FIGURE  2.2-9  FLIGHT  TEST  TAKEOFF  SPEED  SCHEDULES 
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FLIGHT  TEST  TAKEOFF  SPEED  SCHEDULES 


2.2.3  The  Atmosphere 

Several  acoustic  and  performance  parameters  are  derived  from  atmospheric 
parameters.  These  are  obtained  from  a mathematical  model  of  the  atmosphere. 
The  information  presented  on  the  following  pages  explains  this  model  in  terms 
of  whdt  it  is,  where  it  comes  from,  and  how  it  is  used  in  the  two  noise 
programs. 


2.2.3. 1 Derivation 

The  atmosphere  employed  in  the  noise  definition  program  and  the  noise  propa- 
gation program  was  constructed  by  using  appropriate  equations  from  the  1962 
U.  S.  Standard  Atmosphere  (Reference  13).  Normally,  pressure  altitude  is 
given  and  other  conventional  atmospheric  quantities  are  required. 

First,  pressure  altitude  is  converted  to  geopotential  pressure  altitude. 

H - Z X R /(Z  +R).  (2.2-67) 

p p e'  p e 


where 


11^  is  the  geopotential  pressure  altitude. 

2^  is  the  pressure  altitude. 

is  the  equivalent  earth  radius.  (6353*5  KM  or  20,844,820  FT.) 


If  pressure  altitude  (H)  is  given  in  feet,  it  is  converted  to  KM.  by 

Zp  (KM.)  » .0003048  H (FT.)  (2.2-68) 

with 

H = 6353.5  Z / (Z  + 6353.5)  KM  (2.2-69) 

P P 1? 

Combining  these  equations, 

H (KM.)  = .0003048  £20884820  H (FT. )/(H(FT)  + 20844820)J  (2.2-70) 

Next  the  standard  temperature  can  be  found  from 

T . . (°K)  » 288.15-6.5  H (KM.)  (2.2-71) 

std  p ' 

where  T , is  the  standard  temperature  in  degrees  Kelvin. -6. 5°K/KM  is  the 

S td. 

first-layer  standard  lapse  rate, 

288.15  °K  is  the  S.L.  standard  temperature. 
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If  the  atmospheric  temperature  (t)  is  given  in  degrees  Fahrenheit,  it  can  be 
converted  to  degrees  Kelvin  by  the  equation 

T (°K)  = (t  (°F)  -32)/l.8  + 273.15  (2.2-72) 

or  T (°K)  = (t  (°F)  + 459.67)/l.8  (2.2-73) 

* 

The  temperature  increment  from  standard  is  given  by 

AT  = T -T  , . (2.2-74) 

std 

If  the  atmospheric  temperature  is  given  as  the  increment  aT  in  degrees 
Celsius  (or  °K) 

T (°K)  = T(°K)  + aT  (2.2-75) 

Stu 

and 

t (°F)  = 1.8  t(°k)  -459.67  (2.2-76) 

Knowing  the  ambient  temperature  T(°k)  the  pressure  ratio  5 = P/Po  can  be 
calculated,  where  PQ  with  sea  level  standard  pressure  of  IOI325  Pascals 
(Newtons/meter2),  21l6  LB/FT2  or  29.92  inches  of  mercury.  The  equation  for 
5 is 

& _ (m  /m  ^ (Gn  M /-6.5  R ) 

6 " 1 VTstd'  ° 0 6 NON-DIM.  (2.2-77) 

where  Gq  is  the  sea  level  acceleration  of  gravity 
(9.80665  m/sec^), 

Mq  is  the  sea  level  molecular  weight  of  air  (28.9644  gm/mole). 

Rg  is  the  Universal  Gas  Constant 
(8,31432  joules/  °K-mole). 

Tq  is  sea  level  standard  temperature  (288,15  °K) 

Substituting  gives 

6 = (288.15/Tstd)  -5-25588  (2.2-78) 
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' J!>K!  friV.  sWsWe  f-iZx.y  4,  ki  t 


The  pressure  is  found  from  the  relationship 


P * 


*Po 


(2.2-79) 


Knowing  the  ambient  temperature  (T)  and  the  pressure  ratio  $ we  can  find  the 
<7,  where  0 is  the  density  ratio  p/p0.  Or  knowing  the  pressure  P,  we  can 
find  the  density  p. 

a = yj 288.15  j/t  (2.2-60) 

Also,  p = M P/1000  81=  P/287.053  T KG/METER3  (2.2-81) 

o g 


The  speed  of  sound  is  needed  to  calculate  the  characteristic  impedance  (pc  ) 
of  the  air  or  the  Mach  number  of  the  aircraft.  The  speed  of  sound  is  found 
from  the  equation 


c 


1000  v R 


& 


M 


in  METERS / SEC 


(2,2-82) 


where  y is  the  ratio  of  specific  heats  (l,4  for  air). 


Substituting  for  the  constants 

c = ^[401.874  T MBaERS/SEC  (2.2-83) 

For  convenience  in  calculating  the  Mach  number  we  use  the  equivalent  speed  of 
sound  in  knots. 

C = 29.04493^1.3  T <j  KNOTS  (2.2-84) 


To  convert  from  pressure  altitude  H to  geometric  altitude  H , the  following 

8 

approximation  is  used: 

H = H TCAT  (2.2-85) 


where 


RAT 


The  temperature  ratio  (TD.rn)  is  assumed  independent  of  altitude.  In  addition, 

KAi 

the  ratio 


Re  Hg 

Re  + H 


* 1.000 
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is  assumed  sufficiently  close  to  1.000,  These  assumptions  are  good  engineer- 
ing approximations  for  low  altitudes,  say  less  than  10000  ft'.,  with  modest 
temperature  excursions  from  standard  day,  say  STD  + 40  °F. 

2. 2. 3. 2 Application 

The  relationships  shown  were  used  in  different  ways  in  the  performance  routines 
and  the  noise  propagation  program. 

For  the  performance  routine, 


(1) 

H ■ = 
P 

« .0003048  [20884820  H/(H  + 20844820)] 

(2.2-86) 

(2) 

T 

std 

= 288.15  -6.5  H 

s' 

(2.2-87) 

If  the  altitude  H 

is  the  airport  elevation 

* 

(a) 

T =( 

t - 32)/l.8  + 273.15 

(2.2-88) 

and  (4) 

at  = 

‘ T'Tsta 

(2,2-89) 

(5) 

%AT 

“ T/Tsta 

(2.2-90) 

(6) 

5 = 

, , } 5.25588 

'std'  V 

(2.2-91) 

(7)^/7  = 

^288.15  6/T 

(2.2-92) 

(8) 

Ce  = 

= 29.04493  T a 

(2.2-93) 

(9) 

t = 

1.8  T - 459.67 

(2.2-94) 

If  the  altitude  is  other  than  the  airport  elevation  set  (3)  I = Tg^  + AT, 
then  do  (5)  through  (9). 

The  atmosphere  subroutine  in  the  noise  propagation  program  is  used  to  calculate 
the  characteristic  impedance  (pc)  and  the  temperature  (t).  If  pressure  alti- 
tude (H)  and  the  incremental  temperature  (/\T)  are  known: 

(1)  Z = .0003040  H (2.2-95) 

(2)  U = 6353.5  Z /(Z  + 6353.5)  (2.2-96) 

x'  Jr  Jr 

(3)  Tgtd  = 288.15  -6.5  Hp  (2.2-97) 
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(4)  T=Tstd+AT 

(5)  t = 1.8  T -459.67 

(6)  P ■ 101325  (288.15/T  ) ”5.25588 

SbCL 

(7)  p = P /287.053  T KG/M3 

(8)  c =^401.874  T MEOERS/SEC 

If  the  temperature  (t)  and  the  pressure  (p)  in  inches  of  mercury 

(1)  T = t + 459.67/1.8 

(2)  P = 3386.39  P 

(3)  p = P/287.053  T KG/M3 

(4)  c 401.874  T METERS /SEC 


(2.2-98) 

(2.2-99) 

(2.2-100) 

(2.2-101) 

(2.2-102) 

are  known: 

(2.2-102) 

(2.2-103) 

(2.2-104) 

(2.2-105) 
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SECTION  3 

COMMUNITY1  NOISE  CONTOURS 


For  aircraft  noise  certification  FAR  Part  36  (Reference  l)  requires  the 
deterpination  of  noise  at  three  points  - 3*5  nautical  miles  from  brake  release 
and  the  maximum  noise  point  along  an  0.25  or  0.35  nautical  mile  sideline  for 
takeoff,  and  1.0  nautical  miles  from  threshold  for  approach.  The  L-1011-1 
measured  noise  data  used  in  Section  2.1.3  above  were  accumulated  primarily  to 
demonstrate  the  noise  levels  at  the  three  certification  points.  The  more 
general  airplane  noise  characteristics  as  developed  by  the  calculation  pro- 
cedures of  Section  2.1  may  be  used  for  more  detailed  analysis  of  noise  exposure 
during  takeoff  and  landing  approach  operations.  Constant  noise  contours— 
often  referred  to  as  noise  "footprints"  because  of  their  shape — provide  such 
noise  exposure  information  in  a convenient  form. 


3.1  FOOTER  PIT  CALCULATIONS 


The  airplane  performance* results  and  the  airplane  noise  characteristics  of 
Section  2 provide  the:  information  that,  with  appropriate  geometrical  relations, 
determine  the  noise  at  any  point  on  the  ground  during  takeoff  and  approach 
maneuvers.  The  calculation,  which  has  been  programmed  for  the  computer,  pro- 
vides noise  under  the  flight  path  and  along  a quarter  nautical  mile  sideline 
and  the  coordinates  of  points  where  any  specified  maximum  noise  level  is 
reached.  Through  these  points  constant  maximum-noise  contours  may  be  drawn 
by  hand  or  by  means  of  a computer  plotting  routine. 

The  airplane  performance  information  may  be  obtained  directly  from  the  per- 
formance subroutine  or  may  be  inputted  from  other  tabulated  performance  data. 
The  performance  data  are  in  the  form  of  airplane  height  above  the  ground  along 
the  takeoff  or  approach  path,  airplane  speed,  and  corrected  fan  speed  (N ^/«[Q) 
for  the  engine  thrust  setting  in  use.  These  data  are  at  distances,  from  brake 
release  or  from  threshold,  determined  at  equal  time  intervals  of  10  seconds. 

To  obtain  the  resolution  needed  for  contour  plotting,  the  flight  profile  height 
versus  distance • data  from  the  performance  subroutine  must  be  augmented  with 
additional  points,  by  interpolating  linearly  between  the  provided  profile 
points. 

The  airplane  noise  characteristics  are  entered  in  tabular  form  as  noise  level 
at  various  distances  for  a number  of  corrected  fan  speeds  bracketing  takeoff 
and  approach  engine  thrust  settings.  One  set  of  noise  levels  is  for  air-to- 
ground  propagation  and  the  second  set  is  for  ground-to-ground  propagation, 
including  the  extra  ground  attenuation  of  Reference  8.  A typical  input  noise 
tabulation  is  shown  as  Table  3-1*  A separate  noise  table  must  be  prepared  for 
each  combination  of  airport  elevation,  temperature,  and  relative  humidity  to 
be  considered.  The  tabulated  airplane  noise  characteristics  may  be  obtained 
from  the  results  of  a calculation  as  described  in  Section  2.1.2  or  from  any 
other  appropriate  source  of  measured  or  predicted  noise  characteristics  and 
may  be  in  terms  of  any  physical  or  subjective  noise  level  desired. 

The  detailed  calculation  procedure  is  outlined  in  Volume  III  '‘Model  User's 
Manual"  of  this  report.  In  general  the  procedure  involves  determining, 
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geometrically,  the  maximum  noise  intercept  on  the  projection  of  the  flight 
path  and  on  the  sideline  for  each  selected  airplane  position.  The  distances 
to  the  positions  on  the  ground  for  a specific  maximum  noise  level  are  obtained 
by  logarithmic  interpolation  in  the  tables  of  noise  level  versus  distance, 
without  extra  ground  attenuation  and  with  extra  ground  attenuation.  To  take 
into ‘account  the  dependence  of  extra  ground  attenuation  on  the  angle  of  the 
noise  path  with  the  ground,  the  distance  is  modified  by  the  exponential  factor 

e ^ ^ from  Reference  9.  (3  is  the  angle  of  elevation  of  the  noise  path. 

When  effective  perceived  noise  level  is  the  measure  for  which  footprints  are 
to  be  obtained,  then  a velocity  correction  must  be  applied  to  account  for  the 
difference  between  the  airplane's  actual  velocity  and  the  normalized  160  knot 
velocity  of  the  input  tables. 

Since  the  community  area  exposed  to  some  given  noise  level  may  be  of  interest, 
the  areas  enclosed  by  the  contours  are  calculated,  using  trapezoidal  rule 
quadrature.  The  computer  determines  accumulated  area  in  square  miles  enclosed 
by  the  contour  up  to  each  individual  coordinate  point.  When  the  contour  closes 
the  total  area  is  provided. 
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3.2  L-1011-1  FOOTPRINTS 

The  computational  procedure  for  constant  maximum-noise  contour  generation  has 
been  exercised  on  the  L-1011-1/RB.211-22B  performance  and  noise  of  Sections 
2.1  and  2.2  above.  Effective  perceived  noise  level  and  A -noise  level  contour 
plots,  included  in  Volume  II  of  this  report,  have  been  prepared  for  the 
following  reference-condition  cases: 

Takeoff  Maximum  takeoff  gross  weight  (1*30,000  lb.), 

10°  flaps,  takeoff  thrust 

Seduced  takeoff  gross  weight  (350*000  lb.), 

10°  flaps,  takeoff  thrust 

Maximum  takeoff  gross  weight  (1*30,000  lb.), 

22°  flaps,  takeoff  thrust 

Maximum  takeoff  gross  weight  (1*30,000  lb.), 

10c  flaps,  FAR  Fart  36  thrust  cutback  at 
3.5  nautical  miles 

Approach  Maximum  landing  weight  (356,000  lb.), 

1*2°  flaps,  3°  glide  slope 

Reduced  landing  weight  (300,000  lb.), 

1*2°  flaps,  3°  glide  slope 

Maximum  landing  weight  (358,000  lb.), 

33°  flaps,  3°  glide  slope 

Maximum  landing  weight  (358,000  lb.), 

1*2°  flaps,  6°/3°  two  segment  glide 
slope  with  transition  at  1GQQ  ft. 
altitude 

fiote:  All  approaches  with  D!£  (direct  lift  control). 

An  example  of  contour  plots  is  shown  as  Figure  3. 2-1. Contours  are  drawn  for 
60,  90,  100,  110,  and  120  ERIdii.  A correspond!^  A-noise  level  set  would 
normally  include  70,  80,  90,  100,  and  110  contours.  The  set  of  contour 
plots  produced  is  by  no  means  a complete  coverage  of  airplane  operational 
variations.  However,  it  serves  to  illustrate  some  of  the  effects  of  opera- 
tional parameters. 

There  is,  for  instance,  only  little  effect  close  to  the  airport  for  a change 
in  takeoff  flnps  but  the  higher  flap  setting  does  extend  the  noise  exposure 
farther.  Where  takeoff  field  length  is  not  restricting,  the  lower  flaps 
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should  be  considered  for  noise  exposure  reduction.  The  takeoff  thrust- 
cutback  procedure  reduces  noise  close  to  the  airport,  as  my  be  seen  from  a 
90  EHJdB  contour,  but  Increases  the  exposure  area  to  an  80  EPtidB  contour. 

Per  approach,  reduced  flaps  are  seen  to  be  effective  in  reducing  noise  expo- 
sure and  should  be  considered  for  noise  abate  cent  when  available  runway 
lengths  persdt.  The  dramatic  impart  of  a two-segment  approach  may  be  seen 
clearly  from  the  greatly  reduced  noise  contour  areas.  The  desirability  A' 
developing  operational  safeguards  to  permit  two-segment  approach  maneuver  r 
is  obvious. 

Similar  analyses  of  operational  variables  nay  be  made  for  any  aircraft  by 
using  its  performance  and  noise  characteristics  in  the  footprint  e&lcul&tio!. 
and  plotting  routine. 
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SECTION  4 


SUMMARY 

The  Commercial  Aircraft  Noise  Definition  for  the  Lockheed  L-1011-1  Tristar, 
conducted  for  the  Federal  Aviation  Administration  in  compliance  with  Contract 
DOT-FA/73WA-3300  dated  June  6,  1973 , is  documented  in  the  five  volumes  of  this 
report.  This  volume,  I,  presents  a technical  discussion  of  the  calculation 
procedures  developed,  and  programmed  for  batch  operation  on  a digital  computer, 
to  determine  an  airplane's  performance  and  noise  characteristics  during  take- 
off and  approach  operations  and  to  produce  constant  maximum-noise  contour 
footprints  for  noise  exposure  analyses.  The  programmed  procedures  have  been 
applied  to  L-1011-1  flight  data  and  the  results  are  contained  in  Volume  II, 
titled  "L-1011-1  Data."  The  logic  behind  the  calculation  procedure  and  the 
capabilities  and  limitations  of  the  procedure  are  reviewed  in  the  "Model  User's 
Manual"  of  Volume  III.  The  detailed  information  required  for  operation  of 
the  computer  program  is  presented  in  Volumes  IV  and  V. 
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